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Tbtlie (congress of the lMtedSfafe8:
IncompIiance wit.hthe provisions of the act of March3, 1915, estdJi&ingtheNTat.ional
Advisory Committee for Aeronautics, I submit herewith the thirteenth annual report of the
committee for the fiscal year ended Juae 30, 1927.
Attention is invited to the remarks. of the committee on the death of its late chairman, Dr.
CharIes D. Walcott, on whose advice the committee -was established by the Congress in 1915.
At a time when there was but little appreciation of the value of aeronautic-s and but slight
conception of its problemsl Doctor Walcott had the vision to see the need for organized scien-
tific research on the fundamental problems of flight. The eshblishment of the h’ational
Advisory Committee for Aeronautics, the de~elopment of its usefulness in the formulation of
policies, and the results of its labors in the field of research are a tribute to the leadership of
Doctor Walcott and stamp him as a great constructive force in the upbuikkg of American
aeronautics.
..=
The technical improvement in the performance and eficiency of aircraft for all purposes,
the policy of the Government in the reggation and encouragement of aviation, and the great
impetus given to aeronautical development during the past year by the transoceanic fights of
Lindbergh and others have combined to cause a broader recognition of the practicability of
aircraft as a means of transportation that I believe is destined to pIay an ever increasing part
in the advance of civilization.
The attention of the Congress is invited to Part V of the committee’s reporti, presenting a
summary of the present state of aeronautical development.. It is gratifying to note the com-
mittee’s opinion that aeronautical progress in the United States during the past year has sur-
passed the hopes of a year ago, and’ that the present govermnentaI policy is primarily respon-
sible. 1 concur in the committee’s judgment that further substantizd progress in aeronautics
is dependent largeIy upon the continuous prosecution of scientfic research.
CALVIN COOLIDGE.
THE WHITE HOUSE,
Degeriber 8, 1927.
m

LETTER OF TRANSMITTAL
hTA.TIOXALADVISORY COMMITTEE FOR ~EROXAUTICS,
_W’aduington,D. 12., lJozwnikr26,1927.
MR. PRESIDENT:
b compliance with the provisions of the act of Congress approved hfarch 3, 1915 (Public,
KTO.271, 63d Cong.), I have the honor to transmit herewith the thirteenth annual repo;t of the
National Advisory Committee for Aeronautics for the fiscal year ended June 30, 1927.
During the pasti yem the committee lost the services of its chairman, Dr. Oharles D.
Walcott, who died on February 9, 1927. Be was the founder of the committee and for 12 years
had served actively in the de-iylopment of American aeronautics and in the fr.arning of national
poIicies. E&I services in the development of American aeronautics, especially during the war
period, were of inestimable value to the NTation. Attention is invited to a brief summary of
his major contributions to aeronautics presented in the beginning of the committee’s report.
The year 1927 witnessed subskntiaI and gratifying progress in the scientific study of the
fundamental problems of flight and in the technical development of aircraft. for all purposes.
This year will always be noted for remarkable demonstrations of the uses of aircraft. Such
failures as occurred emphasize the great necessity for adequate preparation and for further
scientific research and developmenfi.
Attention is invited to Part V of the committee’s report presenting an outline of the present
state of aeronautical development. The report concludes with a summary of the factors that
have contributed to the advancement of American aeronautics to the point where the develop-
ment and use of American aircraft, military, civil, and commercial, are such as to meet the
present demands or to indkate fihe lines of progress in the years to come.
In the opinion of the NationaI Advisory Committee for Aeronautics the present gratifying
position of American aeronautics and the graving rate of progress in its development are due
primarily to the dective prosecution of the Government’s sound aeronautical poIicy.
The commit tee reiterates its belief in the necessity of continuous fundamental research
as the basis of-continuous subskntial progress.
Respectfully submitted.
THE PRESIDENT,
l%e White House,
‘Washington, D.
.-
JOSEPH S. AMES,
Chairman.
c.
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CHARLES D. WALCOTT
1850-1927
Late Chairman National Advisory Committee for Aeronautics
THIRTEENTH ANNUAL REPORT
OF THE
NATIONAL ADVISORY COMMITTEEFOR
AERONAUTICS
WASHINGTON,D. C., iVownkr %, 1927.
To the Congress of the United States:
In accordance with the act of Congress approved March 3, 1915, establishing the N&tiona]
Advisory Committee for Aerormut.its, the committee submits herewith its thirteenth anrnml
report for the fiscal year 1927.
In Part I of this report the committee comments on the death of its late chairman, Dr.
Charles D. Walcott, describes its organization, states its functions, outlines the facilities avail-
able under the committees direction for the conduct of scientific research in aeronautics,
e.splains the acti~ities and growth of the Office of Aeronautical Intelligence in the collection,
analysis and dissemination of scientific and technical data, and presents a financial report of its
expenditures during the fiscal year ended June 30, 1927.
In Part II of this report the committee describes its general activities including those in
connection with the considera~ion of aeronautical inventions and designs and the procedure
foIIowed by the committee in its relations with inventors and with the Aeronautical Patents
and Design Board, which consists of the three assistant secretaries for aeronautics in the depart-
ments of war, NTavy, and Commerce. The committee al~o reports on its relations with the
aircraft industry and its cooperation wi$h the Army and Navy and other American agencies,
governmental and private, and with the British Aeronautical Research Committee.
In Part III the committee presents the reports of its standing technical subcommittees on
aerodynamics, power plants for aircraft, and materiak for aircraft, which include statements of
the organization and the funciions of each and of the progress of irrrestigations conducted uder .
their general cognizance in laboratories governmental and private.
In Part IV the committee presents summaries of the technicaI reports pubkhed during
the past year and enumerates by title the technical notes, technical memorandums, and aircraft
circulars issued.
In Part V the committee presents its views as to the present state of aeronautical develop-
ment with special reference to the technical development of airc.raf t. The report closes with
a summary of the progress made during the past year and of the factors that haYe contributed
to the advancement of American aeronautics.
THE DEATH OF DR. CHARLES ~. WALCOTT, (2H.&lRM.4N
Dr. Charles D. Walcott, chairman of the hTational Advisory Committee for Aeronautics,
died at his residence in Washington on February 9, 1927. He vms one of the original 12 mem-
bers appointed by President Wilson when the committee vms established by law in 191!5, and
represented the ~mitihsonian Instit utionj of which he was the Secretary. Despite his activity
in other fields, he was a leader in the development of aeronautics in America. His great fore-
sight and genius for organization were brought to bear at a time when there was but little
appreciation in America of .thb value of aeronautics and but little conception of its problems.
Although the scientific world recognized him as preeminent in his chosen field in geology and
had honored him accordingly, and although the public generaLIy knew something of his career
as Director of the Geological Survey, as Secretary of the Smithsonian Institution, as president
of the h~ational Academy of Sciences, and in other capacities, the American people knew little
of his contributions to the development of aeronautics in America.
1
2 REPORTNATIONAL ADVISORYCOMMITTEEFOR .4ERON.4UTICS
Shortly after succeeding the Iate Dr. Samuel P. Langley as Secretary of the Smithsonian
Institution and before the outbreak of the ‘iTorld War, .he secured from the Board of Regents
of the Smithsonian Institution a resolution reopening the Langley Aerodynamical L~boratory
and organized under the Smith sonian Institution an advisory committee of the Langley Aero-
dynamical Laboratory. That committee consisted of 12 members serving without compensa-
tion under the chairmanship of Doctor Walcott. It held several meetings bub was soon dis-
banded because of the recognition of the need of public funds which it could not obtain, as it
had not been created by law. In 1914, shortly after the outbreak of the war in Europe, Doctor
Walcott presented to the Congress of the United States his views as to the need for organized
scientific research in aeronautics and was successful in securing the establishment by law of
the present National Advisory Committee for Aeronautics to study and investigate the funda-
mental problems of flight. The act establishing the committee was approved March 3, 1915.
At the organization meeting held in the ofice of the Secretary of War, Lindley M. Garrison,
Doctor Walcott was elected chairman of the executive committee. He was reelected annually
until 1919, when he was elected chairman of the entire committee. The latter position he
continued to fill by annual reelection until his death.
It was largely because of his personal responsibility for the resuIts accomplished by the
committee that official publicity during his lifetime was not given his constructive work for
the upbuilding of American aeronautics. His colleagues on the committee at the present time,
including four who have served since the establishment of the committee, feel that it is now a
duty to state some of the facts regarding the influence of Doctor Walcott upon the develop-
ment of aeronautics in America. The Imitations of a public document preclude the presenta-
tion of the ivhole story in this report. Some day the historian or the biographer may place
before the American people, and before American youth in particular, the whole romantic
story of his Me-of his start as a clerk in a hardware store, and of his rise on sheer personal
merit and accomplishment to the very pinnacle of tlie scientific world. His colleagues on the
committee, however, must rest content with the presentation in this report of the simple facts
regarding his public service as a member and officiid of this committee. Accordingly his further
major contributions to the progress of American aeronautics are briefly summarized chrono-
logically as follows:
On June 8, 1916, there was held in Doctor Walcott’s offices at the Smithsonian Institution
a meeting of the executive committee of the National Advisory Committee for .Aeronautics
which was attended by representatives of the then existing aircraft and aircraft-engine indus-
tries. The purpose of that joi~t conference was to awaken American manufacturers to the
need for the development of a more reliable and more eficent aircraft engine. It was the first
general meeting of representatives of the American aircraft industry and many of them were
reluctant to speal< in the presence of each other. That meeting led directly to the formation
of a subcommittee on power plants for aircraft and it is significant to note that within 12 months
the first of the famous Liberty engines was undergoing tests.
In the fall of 1916 Doctor ll~alcott was a leader in securing the agreement of the Army and
-.
Navy to a plan for a joint Army and Navy experimental field and proving ground for aircraft
upon which would be located the committee’s research laboratory. He served as chairman of
a special committee to select a site, which led directly to the selection of the site now known
as Langley Field, Va. On this field is located the research laboratory of the committee known
as the Langley Memorial Aeronautical Laboratory, where scientific research on the fundamental
problems of flight is conducted under the committee’s immediate control.
The progress of the war in Europe forced a realization of the increasing importance of air-
craft in warfare, and in the faI1 of 1916 the Army and Navy began to expand their air organiza-
tions. This movement was only well started when in December, 1916, a patent war loomcd in
the American aircraft industry. The Wright-Martin Aircraft Corporation, holder of the basic
Wright patents, served notice on the other aircraft manufacturers that they must-take out
licenses and pay royalties for the right to manufacture aircraft. The Curtiss Aeroplane 22
Motor Co. (Inc.), which held a number of important patents, including basic seaplane patents,
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then served similar notice on the other members of the industry. The results were that the
cost of aircraft to the Gowrnment advanced rapidly and to such an extent as to prevent the
procurement of the number of airplanes desired by the Army and Navy within the limits of
funds available; and the manufacturers who received orders in quantities which calIed for
expansion of facilities were embarrassed by the pending or threatened patenti litigation and were
unable to obtain the necessary funds with which to expand, so tha~ the Governmentj although
contracting to pay higher prices, was not abIe to obtah deliveries of aircraft. In this state of
affairs the War and h~avy Departments officially called upon Doctor Walcott to ha~e the
Advisory Committee study the probIem with a view to -working out a solution. Doctor Walcott
called several conferences with representatives of the various factions in the aircraft industry,
and later appointed a subcommittee on patents of the’ National Advisory Committee. The
result -was the evoIution of a ‘‘ cross-Iicense agreemerit” among the manufacturers, which put
an end to the patent war and m~de it possible for the manuf&c.turers to obtain capitaI to finance
their expansion projects. Volumes have been written in criticism and in defense of bhe cross-
license agreement in the aircraft industry, It. has everywhere been upheld, first by the Attorney
General, then by the courts, and lastly by the Comptroller General. Since its inception
there has been no further patent warfare in the .aimra.ft industry.
Coincident with the discfision and efforts to solve the perplexing patent situation was
the imminent menace of America’s entry into the World War. In March of 1917 Doctor
Walcott called meetkgs of the aircraffi manufacturers, acquainted them with the prospect of
a greatIy expanded aircraft building program, and urged upon them the necessity of expanding
their fac.iIities for production. He presented to the industry an outline of the first three-year
American aircraft building program. In connection with this activi~y, Doctor Walcott con-
ducted by telegraph a survey of the productiv-e capacity of the industry as to aircrafi and
engines, with respect to the capacity at that time, cap ac.iky within SLYmonths, and capacity
at the end of a year. The repIies received xere discoura=tig. Ee organized a subcommittee
on production to work with the industry. Within a month he became convinced that the
problem of aircraft production in quantities was so difficult as to require the attention of the
ablest business and professional men that could be organized for the purpose. Accordingly he
secured the adoption of a resolution by the hTationaI Advisory Committee for Aeronautics,
recommending to the Council of ~~ational Defense that it organize an &rc.raf t Production
Board to consider the situation in relation to the quantity production of aircraft and that a
joint technical board of the Army and Xavy for deter mining specifications and methods of
inspection for aircraft be also organized. The CounciI of National Defense approved the *
cxnnmittee’s recommendations without delay, and Doctor Walcott turned over to the .%imraf t
Production Board alI the records previously gathered by the Xationa.I Advisory Committee for
Aeronautics’ subcommittee on production. The Congress of the United States within a. few
months enacted the famous $640,000,000 appropriation acfi for aircraft and changed the status
of the aircraft production board to that of an independent estabhshmenk kiown as the Aircraft
Board.
Doctor Walcottt called a conference to consider the problem of training ~viat,ors for the
war -which led to the calling of a conference of university presidents on April 30, 1917, to organize
the training program.
T’i%ile the foregoing policies were discussed and approTed as actions of the Xational Advisory
Committee for Aeronauticsj their vital constructive force reflected primarily the broad vision
and genius for organization of Doctor Walcott. In addition to those more important activities,
he vas an active leader in bringing abou~ the following:
The inauguration of Lhe air mail service, discussions on the subject beggg in
committee meetings in December, 1916;
The estabIisbmeni of the 0f3ce of Aeronautical Intelligence of the Na~ional Advisory
Committee for Aeronautics in 1918;
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The organization in 1.919 of the Interdepartmental Committee on Aerial Photographic
Surveying and Mapping, which led to the creation by Executive order of the present
Board of Surveys and Maps of the Federal Government;
The formulation and approval by the Government of the first national aviation
policy in 1920;
The encouragement–of organized scientific research in cooperation with the Army
and Na~y;
The formulation of basic principles for the Federal control and encouragement of
commercial aviation, beginning in 1919. and continuing to the ertactment of tha
air commerce act of 1926.
life was a champion of progress and an inspiring leader. During the war period he rendered
invaluable service to aeronautics in advising with and assisting the heads of the Army and
Navy air organizations. He won for the committee the cotidence and respect of the Presi-
dent, the Congress, the industry, and the public, and raised the dignity of membership on
the committee to such a plane that no person has ever declined appointment on the main com-
mittee or on a subcommittee, although such serviee is without compensation.
At a special meeting of the members of the NTational Advisory Committee for Aeronautics,
held in the city of Washington, D. C.j on February 11, 1927, Dr. Joseph S. Ames, chairman of
the executive commit tee, announced the death on I?ebruary 9, 1927, of Dr. C!harles D. Walcott,
chairman of the National Advisory Committee for Aeronautics, whereupon by unanimous vote
it was-
Resokwd, That the members of the National Advisory Committee for Aeronautics do adopt and approve the
following tribute to the memory ,of their late distinguished chairman.
Doctor ‘Walcott was not only a great scientist; he wasa great rnw His mind was that of a true scientid, a
skilled executive, and a trained diplomat, and withal he was an inspiring Ieade~ of men, and a man beloved by
all his colleagues owing to his rare personal qualities. His broad int crest extended to many branches of science
and in his chosen field in geology he had no equal.
But we are met to-day in special session to praise his memory for his contributions to the new science of
aeronautics. His was the vision that saw the need for organized scientific research on the fundamental problems
of flight; his was the influence that caused the Congress of the United States to establish a National Advisory
Committee for Aeronautics to supervise and direct the scientific study of the problems of flight. Appointed
as one of the original 12 members of the committee in 191.5,he served continuously until his death as our chief
inspiration. From 1915 to 1919 he was chairman of the executive committee and from then untii his death he
was chairman of the entire committee. His was the leadership during the period of the Great War; t km and
since, his influence drew to the public service without compensation some of the best minds of the country and
organized them into a cooperative effort for the advancement of the science of aeronautics. That he has in the
field of aeronautics labored as successfully and as well as in other fields of his endeavor is attested not merely by
the personal admiration and esteem of his associates on this committee, but more especially by the record of
progress in American aeronautics, arid by the character, stability, and standing of the research organization
which has been developed by the committee under his guidance. If he had done no more for his country than
he did in advancing the science of aeronautics alone, his fame would rest secure.
The world at large does but littIe appreciate the true greatness of this man, We who have had the privilege
of serving with him as members of the lNational Advisory Committee for Aeronautics can only say that we are
proud to have been associated with him, and we mourn his death as a loss to the entire scientific world and a
distinct and irreparable loss to the science of aero~autics.
Resoked further, That a copy of these resolutions be engrossed and sent to the famify of Doctor Walcott
with an expression of our deep sympathy in their great loss.
In trmsmitting the engrossed memorial to the widow of Doctor Walcott, Dr. Joseph S.
Ames, chairman of the executive committee, stated on behalf of the members that “Doctor
WaIcott was the father of the National Advisory Committee for Aeronautics and the chief
constructive force in the upbuilding of American aeronautics” and that “The recollection of his
wise counsel and inspiring leadership will serve to stimulate us in the future as it has in the past,
to the end that our country may ever be in the vanguard of progressive nations in the dw”elop-
ment of aeronautics. ”
PART I
ORGANIZATION
FT.JNCTIOXSOF TETEC0313Z1TTEE
The hTationaI Advisory Committee for Aeronautics was established by act of Congress
approved hlarch 3, 1915. The organic act charged the committee with the supervision and
direction of the scientific study of the problems of flight with a view to their practical solution, .
the determination of problems which should be experimentally attacked, and their in-restiga-
tion and application to practical questions of aeronautics, The act also authorized the com-
mittee to direct and conduct research znd experimentation in aeronautics in such Laboratory
or Laboratories, in whole or in part, as may be placed under its direction.
Supplementing the prescribed duties of the committee under its organic act, its broad
general functions may be stated as follows:
First. Under the la-w the committee holds itself at the service of any department or agency
of the Government interested in aeronautics, for the furnishing of informatio~ or assistance in
regard to scient%c or technical matters re.Iating to aeronautics, and in p artimdar for the in-vesti-
gation and study of fundamental problems submitted by the War and Navy Departments
with a view to their practical solution.
Second. The committee may also exercise its functions for any individual, &m, associa-
tion, or corporation within the United States, provided that such individual, firm, association, ”
or corporation defray the actual cost in-rol~ed.
Third. The committee institutes research, investigation, and study of problems which, in
the judgment of its members or of the members of its various subcommittees, are needful and
timely for the advance of the science and art of aeronautics in its various branches.
Fourth. The committee keeps ifisdf advised of the progress made in research and experim-
ental work in aeronautics in all parts of the world, particularly in England, France, ItaIy,
Germany, and Cmada.
Fifth. The information thus gathered is brought to the attention of the various subcom-
mittees for consideration in connection with the preparation of programs for research and
experimental work in this country. This information is also made available promptly to the
military and naval air organizations and other branches of the Government, and such as is not
confidential is immediately released to university laboratories and aircraft manufacturers inter-
ested in the study of specific problems, and aLso to the public.
Sixth. The committee holds itself at the service of the President, the Congress, and the
executive departments of the Government for the consideration of special problems which may
be referred ta it.
By act of Congress approved July 2, 1926 (PubIic, No. 446, 69th Cong.), and amended
March 3, 1927 (Public, No. 748, 69th Cong.), the committee has been given an additional
function. This legislation created and specified the functions of an Aeronautical Patents and
Design Board, consisting of an Assistant Secreh.ry of War, an Assistant Secretary of the Navy,
and an Assistant Secretary of Commerce, and provided that upon favorable recommendation
of the ATational Advisory Committee for Aeronautics the Patenti and Design Board shaIl
determine questions as to the use and -ralue to the Government of aeronautical inventions
—
submitted to any branch of the Government. The legislation provided that designs submitted
to the board should be referred to the &TationaI Advisory Committee for Aeronautics for its
recommendation and this has served to impose upon the committee the additional duty of
considering on behalf of the Government all aeronautical inventions and desi=ns submitted. .,
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ORGANIZATION OF THE (20M}11TTEE
The committe6 has 12 members, appointed by the President. The law provides that the
personnel of the committee shall consist of 2 members from the War Department, from the
office in charge of military aeronautics; 2 members fxom the Navy Department, from the office
in charge of navaI aeronautics; a representative each of the Srnithsotian Iristitution, the United
States Weather 13ureau, and the United States Btireau of Standards; and not more than 5
additional persons acquainted with the needs of aeronautical science, either civiI or military,
or skilled in aeronautical engineering or its allied sciences. The law further provides that all
members as such shall serve without compensation.
In February of this year, the committee suffered irreparable 10SSin the death of its chair-
man, Dr. Charles D. Walcott, who represented the Smithsonian Institution in its membership.
An account of Doctor Walcott’s many activities in connection with aeronautics and the com-
mittee’s work is given in another section of this report. At the semiannual meeting of the
committee in April, 1927, Dr. Joseph S. Ames, who had served as chairman of the executive
committee since 1919, was elected chairman to succeed Doctor Walcott, but the vacancy in
the committee’s membership caused by Doctor Walcott’s death has not been filled.
During the past year as a result of reorganization of Army Air Corps activities, Maj. John
l?. Curry, formerly chief of the engineering division of the Air Corps, was relieved from nmm-
bership and Brig. Gen. William E. Gillmore, chief of the newly organized mat&iel division,
was appointed to succeed him.
With the approval of the President, the rules and regulations for the conduc~ of th~ work
of the National Advisory Committee for Aeronautics were amended during the past year.
The effects of the amendments were to create the new positions of vice chairman of the Advi-
sory Committee and vice chairman of the executive committee to be filled by the election of
members, and to change the secretaryship from an.elective office tied formerly by a member
to an appointive office to be filled by a paid official, the appointment ho be made by the chair-
man with the approval of the executive committee. In accordance with these amendments
Dr. David ?$T.Taylor was elected vice chairman of the executive committee on June 22, 1927,
and by letter ballot circulated under date of June 2.8, 1927, was also elected vice chairman of
the Advisory Committee. On June 22, 1927, Mr. iJohn l?. Victory, who had been in the com-
mittee’s service since its organization in 1915 and had served as assistant secretary since 1917,
was appointed secretary of the committee.
The entire committee meets twice a year, the annual meeting being held in Oc~ober and
the semiannual meeting in April. The present report includes the activities of the committee
between the annual meeting held on October 21, 1926, and that held on October 20, 1927.
The organization of the committee at the close gf the past year was as follows:
Joseph S. Ames, l%. D., chairman.
David W. Taylor, D. Eng., +ice chairman.
George K. Burgess, Se. D.
William F. Durand, Ph. D.
Brig. Gen. William E. Gillmore, United States Army.
Capt. Emory S. L-and, United States Navy.
Charles l?. Marvin, M. E.
Rear Admiral William A. hlofYett, United States Navy.
Maj. Gen. lhf.ason M. Patrick, United States Army.
& W. Stratton, Sc. D,
Orville Wright, B. S.
MEETINGS OF THE ENTIRE COMMITTEE
The semiannual meeting of the entire committee was held on April 21, 1927, at the comm-
ittee’s headquarters in Washington> and the annual meeting on October 20, 1927, also at the
committee’s headquarters. At these meetings the general progress in aeronautical research
was reviewed and the problems which should be experimentally attacked were discussed.
Administrative reports were submitted by the secretary and by the Director of the Office of
Aeronautical Intelligence.
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At both the annual and the semiannual meetings Doctor Ames, m chairman of the execu-
tive committee, presented detailed reports of the research work being conducted by the corQ-
mittee at the Langley Memorial Aeronautical Laboratory, Langley Field, Hampton, Va.,
and exhibited charts and photob~aphs showing the methods used and the results obtained in
the more important investigations.
At &heannual meeting on October 20 the members of the committee accepted an invitation
from Admiral Moffett to inspect the aircraft carrier U. S. S. Saratoga at the Philadelphia Navy
I’ard in hTovember, shortly zfter the carrier is placed in commission. At this meeting also
the committee had as its guest Brig. Gen. James E. Fechet, Assistant Chief of the Army Air
corps.
The election of oficers was the concluding fefiture of the annual meeting. The officers
of the commihtee -were reelected for the ensuing year, as follows: Chairman, Dr. Joseph S. Amc%;
vice chairman, Dr. David W. TayIor; chairman executive committee, Dr. Joseph S. Ames.
THE EXECUTIVE ~OM311TTEE
For carrying out the work of the Advisory Committee the regulations provide for the
election annually of an executive committee, to consist of seven members, and to include in
addition any member of the Advisory CommiLtee not otherwise a member of the executive
commit tee, but resident in or near Washington, and giving his time whoLly or chiefly to the special
work of the committee. The present organization of the executive committee is as follows:
Joseph S. Ames, Ph. D., chairman.
David W. Taylor, D. Eng., vice chairman.
George K. Burgess, Sc. D.
Brig. Gen. William E. Gilhnore, United States Army.
Capt. Emory S. Land, United Stat-es b~avy.
Charles F. Marti, M. E.
Rear Admiral WiIIiam A. Nloftett, United States Navy.
Maj. Gen. Mason M. Patrick, United States Army.
S. W. Stratton, Sc. D.
Orville Wright, B. S.
The executive committee, h accordance tith the general instructions of the Advisory
~ommittee, exercises the functions prescribed by law for the whoIe committee, administers -
the affairs of the committee, and exerc~es general superti=ion over all its activities.
During the past year the executive cofittee accepted an invitation from General Patrick
=d GeneraI Gflmore to inspect the facilities and activities of the mat&ieI division of the by
Air Gorps in its new location at Wright Field, Dayton, OhiO, and visited the field on October
12, 1927.
The executive committee has organized the necessary cierical and technicaI staf?s for han-
dling the work of the committee proper. General responsibility for the execution of the policies
and the direction of the activities as approved by the executive committee is vested in the
director of aeronautical research, Mr. George W. Lewis. IXe has immediate charge of the
scientific and technic~ work of the cotittee, betig &ectly responsible to the chairman of
the executive committee, Dr. Joseph S. Ames. The secretary, Mr. John F. Victory, is ex officio
secretary of the executive committee, &ects the administrative work of the organization, and
exercises general supervision over the expen&t~es of fwds ~d the employment of personneI.
SlJ13~OMl11TTEES
In order to facilitate the conduct of its work the executive commitkee has organized seven
standing subcommittees, as follows:
Governmental relations.
Publications and intelligence.
Personnel, buildings, and equipment.
Aeronautical inventions and designs.
Aerodyna+cs.
Power plants for aircraft.
Materials for aircraft.
.——
——
8 REPORT NATIONAL ADVISORY COMMITTEEFOR AERONAUTICS
The organization and work of Lhe technical committees on aerodynamics, power plants for
aircraft, and materiaIs for aircraft are covered in the reports of those committees appearing in
&no&her part of this report, while the work of the committee on aeronautical inventions and
designs is included under the subject of the consideration of aeronautical inventions.
During the past year the suggestion was made that the membership of the committees
on aerodynamics and power plants for aircraft be enlarged to include representatives of the air-
craft industry and of educational institutions offering courses in aeronautical engineering.
Such representatives are already included in the membership of the committee on materials for
aircraft. This suggestion was given careful consideration by the executive committee and a
policy was adopted which wiII provide for the appointment in the future of special subcommittees
organized from time to time under the standing subcommittees and including representatives
of the aircraft industry, for the purpose of giving consideration to specific problems, as this
plan was deemed more advisable and practicable than to appoint representatives of the industry
on the aerodynamics and power plants committees.
A statement of the organization and functions of the administrative committees on govern-
mental relations, publications and inteI1igence, and personnel, buildings, and equipment fcdlows:
CO&fMITTEE ON GOVERNMENTAL RELATIONS
FUNCTIONS
1. Relations of the committee with executive departments and other branches of the
Government.
2. Governmental relations with civil agencies.
ORGANFZATION
Prof. Charles F. Marvin, chairman.
Dr. David W, Taylor.
John F. Victory, secretary.
~OR~MITTEE ON PUBLICATIONS AND INTELLIGENCE
FI_iXCTIONS
1. The collection, classification, and diffusion of technical knowledge on the subject of
aeronautics, including the results of research and experimental work done in all parts of the world.
2. The encouragement of the study of the subj ect of aeronautics in institutions of Iearning.
3. Supervision of the Office of Aeronautical Intelligence.
4. Supervision of the committee’s foreign of%ce in Paris.
5. The collection and preparation for publication of the technical reports, technical notes,
technical memorandums, and aircraft circulars of the committee.
ORGANIZATION
Dr. Joseph S. Ames, chairman.
Prof. Charles F. Marvin, vice chairman.
Nfiss h!f. M. Muller, secretary,
(20MM1TTEE ON PERSONNEL, BulLDINGS, AND EQWPMENT
FUNCTIONS
1. To handle all matters relating to personnel, including the employment, promotion,
discharge, and duties of all empIoyees.
2. TO consider questions referred to it and make recommendations regarding the initiation
of projects concerning the erection or alteration of Laboratories and offices.
3. TO meet from time to time on the call of the chairman, and report its actions and recomm-
endations to the executive committee.
4. TO supervise such construction and equipment work as may be auth~rized by the execu-
tive committee.
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Dr. Joseph S. Ames, chaimnan.
Dr. David W. Taylor, vice chairman.
Prof. Charles F. Jlarvin.
John F. Victo~, secre~ary.
QUARTERS FOR COMN1lTTEE
The headquarters of the National Advisory Committee for Aeronautics are located in the
hTavy Building, Seventeenth and B Streets NW., Washington, D. C., in cJose proximity to the Army
and Navy air organizations. The committee has recentIy moved the greater part of its adminis-
trative activities from the rear of the third wing, third floor of the Navy Building to Iarger
quarters in the rear of the eighih wing, third floor. This space has been officially assigned for the
use of the committee by the Public Buildings Commission. This mo-re was necessitated by the
gro-wkh in the committee’s activities during the past year. The administrative office is also the
headquarters of the various subcommittees and of the Office of Aeronautical Intelligence.
Field stations of the committee are the Langley Memorial Aeronautical Laboratory, at
Langley Field, Hampton, Vs., and the office of the technical assistant in Europe, located at
the American Embas>~ in, Pmis.
The scientific investigations authorized by the committee are not alI conducted at the
Langley MemoriaI Aeronautical Laboratory, but the facilities of other governmental laboratories
and shops are utilized, as weII as the laboratories connected -with institutions of learning whose
cooperation in the scientfie study of specific problems in aeronautics has been secured.
THE LANGLEY MEMORIAL AERONAUTICAL LABORATORY
The Langley Memorial Aeronautical Laboratory is operated under the direct control of the
committee. It. is located at LangIey Field, Vs., on a plot of ground set aside by the War Depart-
ment for the committee’s use. The laboratory -was started in 1916 co”mcident with the establish-
ment of Langley Field.
The laboratory is organized with fouk d.kisions, as follows: Aerodynamics division, power
plants division, technical service division, and properiy and clerical division. The administration
of the laboratory is under the immediate direction of art engineer in charge, Eenry J. E. Reid,
sub ject to the generaI supervision of the officers of the committee.
The laboratory consists of se~en buiIdings: A research laboratory building, containing the
administrat.i~e offices, the headquarters of the aerodynamics and power plants divisions, the
techuical library, and the photographic laboratory; two aerodynamical laboratories, one con-
taining a wind tunnel of the standard type and the other a variable-density wind tunnel, each
laboratory being cornpIete in itself; two engine dynamometer laboratories of a semipermanent
type, both equipped to carry on investigations in connection with power plants for aircraft;
an airplane hangar with a repair shop and facilities for taking care of airplanes used in f!.igbt
research; a~d a seriice building, containing an instrument Iaborato~, drafting room, machine
and xoodn-orking cShops, and storeroom.
During the past year the committee put into operation a nove~ piece of apparatus known
as the propeller research equipment, the construction of which was begun in June, 1925. -This
equipment is, in effect, a wind tunnel of the Eiffel type with a test chamber of sufficient size to
accommodate the fuselage of a full-sized airpla~e. Full-sized propellers are tested, the pro-
pellers being mounted on the.en=tie shaft and operated exactIy the same as in free flight. The
air stream in which the airplane is mounted is provided by two 1,000-horsepower Diesel engines
which operate an eight-bladed propeller 28 feet in diameter. The throat of the test chamber
is 20 feet in diameter and tests are conducted at air speeds up to 110 miles per hour. This piece
of equipment is the Iargest wind tunnel in the -world.
On August 1, 1927, a fire occurred in the variable-density wind tunnel which destroyed the
interior of the st.ructure, incIuding the wind-tunnel cones, balance, propeller, and all instruments.
It was necessary to remove entireIy every piece of structure and apparatus from the interior of
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tank, which is 32 feet lorIg and 15 feet in diameter. ‘The fire occurred during a
test of an airplane model at 20 atrnosphe~es and was caused by the bursting under pressure-of
an electric-light bulb which short circuited and caused an arcing that ignited the adjacent wood.
Owing to the air circulation in the tunnel of about 50 miles per hour and the great amount of
oxygen present in air under pressure of 300 pounds per square inch, the flames spread very
rapidly. At the moment-the fire was discovered the exhaust va~ves were opened and all current
was cut off, but the equipment in the interior was destroyed because it was impossible to reach
the fire inside the tank.
Plans were immediately made for rebuilding the interior of ihe strut ture, for making minor
repairs to the steel tank housing the tmnnel, and for repairing the damage to the building caused
primarily by smoke. In rebuilding the tunnel, wood and other inflammable materials will be
eliminated and the structure made fireproof.
The variable-density wind tunnel was the most importaut and valuabIe stigle piece of
equipment in existence for the purpose of conducting aerodynamical research, It was being
fully utilized in the prosecution of fundamental researches, a number of investigations on the
program at the time of the fire having been requested by the Army and Navy air organizations.
Recognition by the Government of the necessity of satisfying the increasing demand for
new and accurate knowledge on the fundamental problems of flight has made possible the
development of the Langley Memorial Aeronautical Laboratory as an efficient research organi- ‘
zation numbering 143 employees at the close of the fiscal year 1927. The work of ~he laboratory
is conducted without interference with military operations at the field. In fact, there is a
splendid spirit of cooperation on the part of the military authorities who, b3’ their helpfulness in
many ways, have aided the committee materidy in its work.
‘IWE OFFICE OF AERONAUTICAL INTELLIGENCE
The Office of Aeronautical Intelligence was established in the early part of 1918 as an
integral branch of the committee’s activities, Its functions are the collection, classification,
and diffusion of technicaI knowledge on the subject of aeronautics to the military and naval
air services, aircraft manufacturers, educational institutions, and others interested, including
the results of research and experimental work conducted in all parts of the world. It is the
officially designated Government depository for scientific and technical reports and data on
aeronautics.
Promptly upon receipt, al~ reports are analyzed and classified, and brought to the special
attention of the subcommittees having cognizance, and to the attention of other interested
parties through the medium of public and confidential bulletins. Reports are duplicated where
practicable, and distributed upon request. Confidential bulletins and reports are not circulated
outside of Government channek.
To handle efficiently the work of securing and exchanging reports in foreign countries, the
committee maintains a technical assistant in Europe, with headquarters at the American
Embassy in Paris. It is his duty to visit the government and private Iabomtories, centers
of aeronautical information, and private individuals in EngIand, France, Italy, Germanyj
and other European countries, and endeavor to secure for America not onIy printed matter
which would in the ordinary course of events become avaiIable in this country, but moro espe-
cially to=ecure advance information as to work in progress, and any technical data not prepared
in printed form, and which would otherwise not reach this country. John Jay Ide, of New
York, has served as the committee’s technical assistant in Europe since April, 1921.
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The records of the office show that during the past year copies of technical reports were
distributed as follows:
Comittee andsubco~ttee members------------------------------------------------------- 1,224
LangleyX1emorial/aeronautical Laboratory---------------------------------------------------- 2,209
Parhofiee of the committee------------------------------------------------------------------ 4308
tiYfi COrPS--------------------------------------------------------------------------- 3,012
Xaval Air Service, including llarine Go~S _____________________________________________________ 3,S17
3lanufacturer&----------------------------------------------------------------------------- 6,156
Educational hstitutions---------------------------------------------------------------------- 5,485
Bureau of Standards------------------------------------------------------------------------- 579
%li~eHaneous------------------------------------------------------------------------------- 26,981
Tot~&tribution _____________________________________________________________________ 55,636
Since the promulgation of the Air Navigation Regulationsunder the air commerce actof
1926 there has been a noticeable incre~se in request sfortechnical data. The flight of Colonel
Lindbergh and the other transoceanicf lightsfurther stimulated interest in aeronautics which
has been reflectedin the greatly increased demand for the commi~tee’s publications. Thisis
evidencedby a comparisonof the distribut.ion figures for the past two years. In1926thetota1
distribution oftechnica~ documents numbered 35,884 andin 1927 itwas55,636,an increaseof
55 per cent in one year.
The abovefigures include the distribution of25,551 technical reports, 7,197 technical notes,
11,380 technical memorandums, and 5,627 aircraft circulars of the National Advisory Committee
for Aeronautics. Part lS70fthisr eporfipresentsihe titlesof the publications issued during
the past year whose dktribution is included in the foregoing figures. Atotalof 7,891 written
requests for reports vrere recei~ed during the year in addition to innumerable telephone and
personal requests, and 31,758 reports were dist.ributed upon request.
FINANCIAL REPORT
“The appropriation for the NTational Advisory Committee for Aeronautics for the fiscal
year 1927, as carried in t.he independent offices appropriation act approved Februaryll, 1927,
was $500,000, under ~hich the committeer eportsexpenditures a.nd obligations during theyeu
amounting to $491,920.80, itemized as follo-ivs:
Personal sertic~---------------------------------------------------------------------- $241,574.42
Suppfies and materi&-___-__-__-___-__-___-------_--_--=______________________________ 27,569.55
Comuieation serYice _________________________________________________________________ 1,061.75
Travel =penses _______________________________________________________________________ 11,59.5.61
Transportationof ttigs ________________________________________________________________ 1,397.28
F@stigof eleetficity _________________________________________________________________ 8,264.34
Rent ofofice (Paris) ___________________________________________________________________ 694.62
Repairs and titerations _________________________________________________________________ 5,953.55
SpeciaI investigations and repofis _______________________________________________________ 37,000.00
Equipment __________________________________________________________________________ 56,809.6S
—
—
,-—-
E~en&tures ____________________________________________________________________ 491, 920.S0
Reserve, ``Two PerCent Club''__________________________________________________________ 62879.16
Unobligated baIance -------------------------------------------------------------------- 1,200.04
Total --------------------------------------------------------------------------- 500,000.00
In additionto the above, thecommittee had aseparaieappropriation of $13,000 forprinting
and binding, of which $127995.70 was expended.
PART u
GENERAL ACTIVITIES
Consideration’ OF AERONAUTICAL INVENTIONS
In its twelfth annual report for the year 1926 the committee presented a report on the
organization of the Aeronautical Patents and Design Board, consisting of the three Assistant
Secretaries for Aeronautics in the Departments of War, Navy, and Commerce. The report
ako presented an outline of the procedure followed by the committee in considering inventions
and designs submitted to-it. Under that procedure the committee has conducted the neces-
sary correspondence with inventors to disclose clearly the ideas they have had in mind and made
reports to the Aeronautical Patents and Designs Board, describing the inventions, analyzing the
principles involved, and making definite recommendations. The number of designs submitted
required frequent meetings of the board to consider the reports and recommendations of the
hrational Advisory Committee for Aeronautics. The procedure under the law required earc-
ful consideration by the board of each report on a design submitted by the committee to the
board, and the board had the sole responsibility for the find disposition of each invention or
design submitted.
The act of Congress approved March 3, 1927, worked a change in the above procedure, for
it amended the act creating the Patents tind Design Board so as to limit the jurisdiction of the
board in making awards to the consideration of those cases in which the National Advisory
Committee for Aeronautics made favorable recommendations. one effect of this change was
to make the National Advisory Committee a responsible agency of the Government for the
final disapproval of the vast majority of applications for awards for aeronautical inventions or
designs submitted to the Government, leaving to the Patents and Design Board the final decision
only in those cases which received the favorable recommendation of the committee. Another
effect of the amended legislation incident to relieving the board of the burden of considering
cases tmfavorabIy recommended by the committee was the 10SSby the inventor of his opportunity
for a personal hearing before the board unless his invention were favorably recommended by
the committee.
In view of the changed circumstances resulting from the legislation of March 3, 1927, the
National Advisory Committee for Aeronautics on March 18, 1927, created a subcommittee on
aeronautical inventions and designs, the organization
foIIows :
ORG.4N1Z~T10N
Dr. D. W. Taylor, chairman.
Dr. George K. Burgess, vice chairman.
Capt. E. S. Land, U-nited States Arav-y.
Prof. Charles F. Marvin.
Mr. J. F. Victory, secretary.
and rules of procedure of which are as
RULESOFPROCEDURE
1, The chairman will preside at meetings of the committee and will carry into effect the
actions of the committee. In his absence the vice chairman will preside. Three members
will constitute a quorum.
2. The secretary will issue notices of meetings, prepare an order of business for each meeting,
arrange for the appearance of parties to be heard, record the minutes and transactions of the
committee, and perform such other duties as may be assigned.
3. All inventions and designs shall be submitted in writing and be accompanied by descrip-
tive matter sufficiently cIear to present the idea.
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4. The director of aeronautical research is desi=wated to co~~ider and dispose of inventions
and designs submitted, and to conduct with in-i-enters, with the Patents and Design Board, and
with others, all correspondence up to the point where a case is taken up specifically for
consideration by the committee. r
5. The committee will take up speci6c,aIIy for consideration only those invent,iom or designs
that have been recommended to it in writing by a member of the &Tational Advisory Committee
for Aeronautic noh a member of the committee on aeronautical inventions and designs, or by
the director of aeronautical research, and in an-y case only after preliminary consideration of
the same by the director of aeronautical research. In such cases hearings -will be granted upon
request of the parties making such submissions.
6. The committee may, in its discretion, hear others in support or in denial of the claims
of an inventor, a~d may obtain any information a-raiIable bearing on the subject matter under
consid erat.ion.
7. The proceedings before the committee fl be informal.
8. The commiitee will not undertake to determine the validity of a patent nor -will it
consider claims for alIeged infringement of a patent.
9. Inventions and designs will be considered by the committee only as to their technical
merit, irrespective of whether they are patented or unpatented; but evidence of lack of novelty
may be taken into consideration.
10. The findhgs and recommendations of the committee on all claims considered by it
will be transmitted direct to the Patents and Desi=m Board; provided that the committee may,
in its discretion, refer any claim or question in connection iherew-ith to the executive committee
of the liTational Advisory Commi6tee for Aeromutics.
In addition to the foregoimg rules of procedure, the follom-ing general principles ha~e been
a=~eed upon:
(a) That favorable recommendations to the Patents and Design B~ard wti be made only
af t-er consideratiori by the committee on aeronautical in-rentions and des~gs.
The.effect of this is to Limit the director of aeronautical research to the submission of unfa~or-
able recommendations to the Patents and Design Board.
(b) That on favorable recommendation to the irmentions committee from the director of
aeronautical research the committee will not make an adverse reporii without giving the inventor
an opportunity to be heard.
The fist meeting of the Aeronautical Patents and Design Board was held in the conference
room of the ATational Advisory Committee for Aeronautics on October 12, 1926. k the inter-’
ests of economy and eficiency khe board’s records have been maintained b-y the committee but
kept separate and distinct from the committee’s records. During the first 12 months of the
operation of the Aeronautical Patents and Design Boardl approximately 1,000 inventions or
designs were received by the committee, about one-half of which had been originally sub-
mitted by the applicants either directly or indirectly for the attention of the board. Of the
number submitted for the attention of the board (appro.simately 500) the commiitee has sub-
mitted to the board reports and recommendations in 450 cases, which included f a~orable recom-
mendations in only 3 cases. The remaining 500 cases submitted direct for the committee’s .
consideration have been disposed of by direct comspondence with the inventors and no de@n
included in this number was worthy of favorable recommendation to the board.
The vohme of inventions and designs submitted has been increasing steadily since the
summer of 1927, and the burden of this work has required additions to the engineering and
clerical staffs of the committee.
Under the present procedure careful consideration is given to all inventions and designs
submit ted. The Aeronautical Patents and Design Board and the A?ational Advisory Com-
mittee for Aeronautics are working in harmony and the burden of considering large numbers
of inventions is placed so as to reduce the demands on the time of the members of the sub-
committee on aeronautical inventions and designs and of the members of the Aeronautical
Paten& and Desiaw Board to the consideration of submissions which have received competent.
preliminary examination and are deemed worthy of further consideration.
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RELATIONS WITH THE .41RCRAFT INDUSTRY
Inordertogi~eto themanuf~cturers and operators of aircraft an opportunity to become
more closely acquainted with the facilities of the committee’s laboratory for the conduct of
aeronautical research and to encourage the representatives of the industry to present to the com-
mittee research probIenm arising out of the development of civil and commercial aeronautics,
with a view to the possible incorporation of such problems in the com.rdtwe’s research program,
the committee in 1926 inaugurated the policy of holding annual conferences between its repre-
sentatives and representatives of the industry,
In accordance with this policy the second general conference between representatives of
the industry and of this committee was held at the Langley lkfemorial .4eronautical Laboratory,
Langley Field, Hampton, Vs., on May 24, 1927. In addition to the aircraft manufacturers and
operators, aeronautical trade journals and educational institutions engaged in the teaching
of aeronautical engineering were invited to send representatives to this conference. The
National Advisory Committee for Aeronautics was represented by its subcommitfiees on aerod-y-
namics and materials for aircraft and by members of its technical staff. Dr. Joseph S. Ames,
chairman of the ~Vational Advisory Committee for Aeronautics and also at that time chairman
of the subcommittee on aerodynamics, presided.
At a preliminary meeting held in the morning the functions and work of the committee
were briefly outlined, following which the representa hives of the industry were conducted on a
tour of inspection of the laboratory and the investigations under way were explained. This
occasion marked the formal opening of the committee’s new propeller research equipment.
In the EIfternoon the conference proper convened and after& brief statement by the chairman as
to the purpose of the meeting, there was general discussion of the problems of commercial aviation
in which the representatives of the industry participated. Among the problems which were
mentioned as of importance to commercial aviation were the various factors relating to the
comfort and convenience of passengers in airplanes and particularly the elimination of noise;
the question of cont~ollability at low speeds; and the effect of protuberances on an otherwise
faired stream-line body. One of the problems suggested, the study of the effect of cowling and
fuseIage shape on the resistance and cooling characteristics of air-cooIed engines, was promptly
incorporated in the committee’s research program.
Following the conference proper, the subcommittee on materials for aircraft-met in join~
session with the other members of the conference, Dr. George K. Burgess, Director of the Bureau
of Standards and chairman of the materials subcommittee, presiding. Doctor Burgess m&de a
brief statement pointing out the importance to aeronautics of the light alloys of aluminum,
particularly duralumin, and referring to the dii%culties involved in the use of duraIumin. Mr.
E. H. Dix, jr., of the Aluminum Co. of .kmerica, presented a paper with slides, describing
“AIclad,” a newly developed corrosion-resistant a~uminum product. This was followed by a
generaI discussion of the problems in connection with aircraft materiaIs, particularly aluminum
alloys.
THE COMMITTEE’S RESEARCH PROGRAM IN RELATION TO NONMILITARY AIRCRAFT
At the semiannual meeting of the entire membership of the National Advisory Committee
for Aeronautics held on April 21, 1927, Doctor Aries, the chairman, invited attention to the
following extract from a report of the Committee of Experts on Civil Aviation to the l?repartito~
Commission for the Disarmament Conference assembled at Geneva:
The committee desiresto state at the outset that civil aviation must in itself be regarded as one of the
most important factors of civilization, and it is desirable that its free development ahoulcf not be hampered by
any consideration tmconnect ed -with the import ante which that development possesses from the point of view
of scientific, economic, and socia.~progress and of the improvement of communications between PCOPICS. The
committee, regardi~gthe question in this light, unanimouslyagreerlthat its examinationof the subject should
be based on the following principle:
In any limitation of air armaments it is essential to avoid hampering the de~elopment of civil aviation.
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The chairman also invited attention to a recommendation of the Committee of Experts on
Civil .4viation that international agreements proposing to hit military and civil aviation be
made only for short terms.
Although the Geneva Conference adjourned in disagreement, it is believed that the principle
in-rolved in the above quoted report reflects accurately the state of enlightened international
opinion regarding the development of civiI aviation.
At the meeting referred to, the chairmari next outlined the growth in aeronautical educa-
tion in American universi~ies during the pask year %hich was Iargely made possible by gifts
from the Daniel Guggenheim Fund for the Promotion of Aeronautics. He invited attention to
the enlargement of aeronautical f aciIities at the Massachusetts Instiiute of Technology, ~l$ew
I“ork University, the University of Michigan, Stanford University, and the California Institute
of Technology. hTumerous other colleges and institutions of Iearning had commtic ated with
the committee requesting information as to equipment, such as small wind tunnels, which they
contemplated incorporating as pari of their experimental equipment for their regular engineeri-
ng courses. The committee not only furnkhed the information requested but ako gave advice
in regard to the equipment and supplies necessary to make it possible for such institutions to
offer eIective courses to engineering seniors, and where practicable to incorporate aeronautical
problems in engineering courses. The object was to acquaint engineering students generally
with the fundamentals of aeronautics in niuch the same manner as they are now made acquaid ed
in regukr engineering dourses with the fundamentals of hydrodynamics and hydraulics.
The chairman then noted the increased production of civiI and commercial airplanes in
.America and obser~ed that with the evidence of growth of commercial and private operation of
aircraft it seems that the committee’s research program may properly be so formulated as to
include the fundamental problems presented by the development’ of civil and commercial
aviation. ‘iThereupon the following resolution -was adopted:
Resolred, That in view of the enactment of the air commerce act of 1926 for the encouragement and regula-
tion of commercial aeronautics, and of the increasing activity in the manufacture and operation of civil and
commercial types of airplanes, the National Advisory Committee for Aeronautics directs the attention of its
subcommittees to the desirability of considering those fundamental problems the solution Of which in their
judgment will tend to increase the safety and decrease the cost of construction and operation of such aircraft,
and requests that the subcommittees submit recommendations to the executive committee for the approval of
such research auf borizat ions as in their judgment will serve best to solve these fundamental problems.
In accordance -with the foregoing resolution, consideration of this problem was given by
the subcommittees on aerodynamics, power plants for aircraft, and materials for aircraft, and
a ~umber of research authorizations were recommended to the executive committee which are
now being carried into effect.
THE DANIEL GUGGENHEIM FUNI) FOR TEE PRO31OTION OF AERON~UT1(X3
The committee is pleased to note that the activities of the Daniel Guggenheim Fund for the
Promotion of Aeronautics have been ca~efully planned so as to produce a maximum of imme-
diately practical and substantial assistance to aviation in its commercial, industrial, and
scientitlc aspects, -while at the same time avoiding duplication -with existing agencies, govem-
menta.1 and private.
The Daniel Guggenheim Fund for the Promotio~ of .4eronautics was established by Mr.
Daniel Guggenheim OR January 16, 1926. Its general purposes may be broadly defined
as follows:
1. To promote aeronautical educaiion both in higher institutions of learning and among
the general public.
2.. To assist in the extensioti of fundamental aeronautical science.
3. To assist in the development of commercial aircraft and ~ircraft. equipment.
4. To further the application of aircraft in business, industry, and other economic and
social activities of the Nation,
—
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The major activities of the fund during the past year included the making of a study of
the educational institutions of the country and especially those which had established courses
in aeronautics, with a view to providing in different sections of the country adequately equipped
schools giving courses iu aeronautical engineering. As a result of this study gvwnts of money
were made by the fund to two California institutions, namely, Stanford University and the
California Institute of Technology, at Pasadena; in the East funds were granted to the XIassa-
chusetts Institute of Technology, at Cambridge, and to hTew York Universifiy, in NTew York
City; and in the Middle West funds were granted to the University of Michiganf at .4rm Arbor.
The trustees of the fund announced that a primary aim of the fund would be the premo~ion
of safety in fljTing. To this end the fund provided for a safe aircraft competition which for the
first time in the his fiery of American aviation caused concerted efforts io be made by manu-
facturers and designers jn various countries to make safer airplanes. The rules and regulations
of the competition are intended to encourage the design and construction of aircraft in which
those characteristics which are considered most essential for safety shall be developed to a
higher degree than exists in present types of aircraft.
The aerial tour of the United States by Col. Charles A. Lindbergh during the fail of 1927
was made possible by the Guggenheim Fund. In this tour Colonel Lindbergh visited every
State in the Union and by public addresses before great numbers of the American people
brought home to the municipalities a realization of the great need for providing municipal
airports.
Among the other activities of the fund was the calling of a conference of representatives of
universities engaged in aeronautical educational work, The fund was also active in studying
the problems of serology, fog tlying, and navigational instruments,
CONFERENCE OF REPRESENTATIVES OF EDUCATIONAL INSTITUTIONS ACTIVELY ENGAGED IN
AERONAUTICAL EDUCATION
The Daniel Guggenheim Fund for the Prorn.otion of Aeronautics called a conferenm of
representatives of educational institutions actively engaged in aeronautical educational work
for the purpose of interchanging ideas relative to-educational methods, coordinating research
work, and developing specialized courses in aeronautical education. The following educa-
tional institutions were represented:
Massachusetts Institute of Technology.
New York University.
Stanford University.
California Institute of Technology.
University of Michigan.
University of Washington.
The mat6riel division of the Army Air Corps and the National Advisory Committee for Aero-
nautics were also represented,
Dr. William F. Durand, a member of the Daniel Guggenheim Fund for the Promotion of
Aeronautics and a member and past chairman of the hTational Advisory Committee for Aero=
naut.its, acted as chairman of the conference. Upon the request of the fund the committee
gave the use of its conference room for the meetings, which were held on December 1(I and 11,
1926. The conference was financed by the Guggenheim Fund.
The conference considered in particular the scope and the character of the courses of
instruction in the various educational institutions and the possibility of developing specialized
courses in aeronautics so that students wishing to specialize in any particular branch would
have an opportunity of obtaining this instruction in one of the large universities.
The subject of aeronautical research ~Vasgiven careful consideration and the various insti-
tutions wTererequested to prepare and submit programs of aeronautical research to h Daniel
Guggenheim Fund for the Promotion of Aeronautics.
The programs were later submitted to- the ~ation~ Advisory committee for Aeronautics
and brought to the attention of its standing technical subconlmittees which have general cogni-
zance of aeronautical research in the respective spheres of aerodynamics, power plants, and
materials for aircraft. The programs referred to may be found under the report -of the com-
mittee on aerodynamics.’
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COOPERATION OF ARMY AND NAVY
Through the personaI contact of the heads of the Army and h~a~ air organizations serving
on the main committee and the frequent personal, contact on the subcommittees of their chief
subordinates who have to do with technical matters in aeronautics, there has been accomplished
in fact not only a coordination of aeronautical research, which is the major function of the
committee, but also a coordination of experimental engineering activities of the services and an
exchange of first-hand information, comment, and suggestions that have had beneficial effects
in both services. ‘I’he needs of each service in the field of aeronautical research are discussed
and agreements invariably reached that promote the public interests.
—.
The cordiaI relations
that usualIy foIIow from frequent personal contact are supplemented by the technical informa-
tion service of the committee’s Office of Aeronautical InteIkigencej which makes a~ailable the
latest scientiilc data and technical information secured from alI parts of the world. Although
there is a healthy rivalry between the Army and Navy air organizations, there is at the same
time a spirit of cooperation and a mufxd understanding of each ohher’s problems that ser~e to
prevenfi unnecessary duplication in te&.nicaI de-wilopments in aeronautics=
Much of the fundamental research work of the committee has grown out of requests recei~ed
from the .&@ and ATavy for the study by the committee of particular probIems encountered
in the services, and in connection with this work the committee desires to gi-re special recogni-
tion to the splendid sptilt of cooperation of the two services with the committee. Each service
has placed at the disposal of the committee airplanes and engines required for research purposes,
and has otherwise aided in every practicaI way in the conduct of scientific in-restigations by the
committee. Without this cooperation the committee could not have prosecuted successfully
many of its in-restigations that have made for progress in aircraft de-re~opment. The com-
mittee desires especially to acknoded,ge the many courtesies extended by the Army authorities
at Langley Field, where the committee’s laboratories are located, and by the na-raI authori~ies
at the Hampton Roads NTa~al Air Station.
INVESTIGATIONS UNDERTAKEN FOR THE ARMY AND THE NAVY
.
As a rule research programs coveiing fundamental problems demanding solution are pre-
pared by the technical subcommittees and recommended to the executive committee for approval.
These programs suppIy the probIems for in-restigation by the Langley Memorial Aeronautical
Laboratory. When, however, the Army Air Corps or the Naval Bureau of Aeronautics desires
special investigations to be undertaker by the committee, such investigations, upon approval by
the executive committee, are added to the current research programs.
The investigations thus under conduct. by the committee during the past -year for the Army
and the .Wavy may be outlined as fotiows:
FORTHEAIRCORPSOFTHEARMY
Investigation of the flat spin of the DougIas O–2 &irplane.
Full-scale investigation of different wings on the Sperry messenger airplarie.
Investigation of the behavior of an airplane in landing and in taking off.
Investigation of pressure distribution and accelerations in pursuiti type airplane.
Acceleration readings on the PW–9 airplane.
FORTHEBUREAUOFAERONAUTICSOFTEENAVYDEPARTMENT
Investigation of pressure distribution on vertical tail surfaces fitted with balanced
rudders.
Investigation of methods of improving wing characteristics by control of the boundary
layer.
Development of a solid-injection type of aeronautical engine.
Investigation of method of improvement in range of vision of pilot in an airpIane.
Investigation of maximum tail loads in dives.
Investigation of the effect of fineness ratio on airship models.
Design of acceleromet.ers for determination of accelerations in catapuIating.
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Investigation of the forces on seaplane ffoats under landing conditions.
Investigation of water pressure distribution on seaplane hulls,
Study of design factors for metal propellem.
Investigation of application of compression ignition operation to air-cooled engine
cylinders.
Investigation of Bight path characteristics.
Effect of varying the aspect ratio and area of wings on performance of fighter airplano
with supercharged air-cooled engine.
Investigation of aerodynamic loads on the U. S. S. Los Angeles.
Investigation of autorotation.
Investigation of spoiler aileron controI.
Development of aircraft engine supercharger.
Investigation of performance of five propellers in flight.
Effect of various forms of cowling on performance and engine operation of fighkr
airplane wi~h supercharged air-cooled engine.
USE OF NONGOVERNMENTAL AGENCIES
The various problems on the committee’s approved research programs are as a rule assigned
to governmental agencies for study and investigation. In cases where the proper study of a
problem requires the use of facilities not available in any governmental establishment, or
requires the talents of men outside the Governrneut service, the committee co~tracts directly
with the institution or individual best equipped for the study of each such problem to prepare
a special report on the subject. Such special reports are published the same as other technical
reports of the committee. In this way the committee makes effective use of the facilities of
educational institutions and the services of specialists in the scientfic study of the problems
of ffight.
COOPERATION WITH BRITISH AERONAUTICAL RESEARCH COMMITTEE
The cordial relations which hkve existed for a number of years between this committee tind
the Aeronautical Research Committee of Great Britain have been continued during the past year.
In the summer of 1927 Dr: Joseph S. Ames} chairman of the National .4dvisory Committee
for Aeronautics, visited Europe to observe recent progress and developments in aeronautical
research in England and France, and while in England conferred with the Aeronautical
Research Committee, representatives of, the Air Ministry, and members of the staff of the
National Physical Laboratory, and viewed the work in progress at the British Laboratories.
Many of the important problems of aeronautical research at the present time were discussed,
and there was a free interchange of ideas. One of the points tentatively agreed upon was the
exchange bet ween the two con-mitt ees of special instruments for use in fight research, in order
that comparative tests on the same instruments might be made at different laboratories.
The program of comparative research for the standardization of wind tunnels carried on
for the past several years by the two committees has been continued. This program included
tests by this committee of models of airships, airplanes, and wing sections which had first
been tested by the British committee. The results of tests in this committee’s variable-density
wind tunnel at Langley Field were of particular value in the subject of wind-tunnel standard-
ization, and also in the study of scale effect o~ rmodels. During the past year an agreement
was reached between the two committees which provided for the publication separately by
each committee as soon as practicable, of the results of the tests conducted by that committee,
the comparative- results from the two countries to be published at a later date. In accordance
with this policy, papers covering the tests in this country of airship and airplane models will
be published in the near future.
During the past year tests conducted in the v.a.riable-density wind tunnel at Langley Field
as part of this program have been completed on three British airplane models with different
wing sections. The models tested were a Bristol fighter with R. A. F. 15 wing section, a BE-2E
with R, A. F. 19-Wing section, and a BristoI fighter with R. A. F. 30 wing section. The results
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of the tests on thes~ models were forwarded to the British committee for analysis. The British
committee is considering the question of constructing in England a -rariable-dem~ity wind tunnel
similar in type to that at LangIey Field for the study of scale effect.
On suggestion of the Aeronautical Researeh Committee, this committee last year forwarded
to England for comparative tests a metal model propeller which had previously been tested
in the open-type wind tumnel at %anford University. This model is now undergoing test in
the closed-type wind tunnel at the ATationaI PhysicaI Laboratory.
EXHIBIT AT THE NATIONAL SESQUICENTENNIAL EXPOSITION
Jluring the summer and fall of 1926 the committee maintained an exhibit in the Trans-
portation Building of the National Sesquicentennial Exposition in Philadelphia, which exhibit
was described in the committee’s annual report for the year 1926. That exhibit proved to be
very popular with alI classes of visitors. Working models on exhibition depicted the methods
employed in the conduct of scientific research in aeronau~ics. The exhibit closed on fiTovember
30, 1926. Shortly thereafter the jury of awards conferred a “grand prize certificate of award”
upon the National Advisory Cotittee for Aeronautics for its “ coIIect.ive exhibit of -working
models used in scientific research on the fundamental problems of flight.” The jury of awards
also conferred a gold medaI upon the N-ational Advisory Committee for Aeronautics for its
“exhibit of automatic recording insttrume~ts used in aeronautical research.”
The diplomas of award have been framed and displayed at the committee’s headquarters.
hfr. George W. Lewis, director of aeronautical research, was the contact officer between the
committee and the Sesquicentennial Exposition Commission, and the committee’s exhibit was
instaled under the personaI supervision of Mr. John 1?. Irictory, at that time assistant secretary
of the committee.
INTERNATIONAL CONGRESS OX AERIAL NAVIGATION, ROME
k June, 1927, the Department of State requested an expressio~ of opinion from the com-
mittee in regard to an invitation of the ItaIian Goyern.ment that the United States be officially
represent ed at an International Congress on Aerial Navigation to be held in Rome in October,
1927. In reply the committee offered the services of its technical assistant in Europe, Mr. John
J. Ide, as a representati~e of the United Stat-es if the Department of Stat-e shouId so desire. In
accordance with the commitfee2s suggestion, and tith the approval of the President, the Depart-
ment of State desiamated Mr. Ide as o~e of the delegates on the part of the United States to the
International Congress, which opened in Rome on October 24, 1927,
THE AIR MAIL SERWCE
On July 1, 1927, the air mail service officially passed from go-rermental operation into
the hands of private carriers acting under contr~cts tith tie Post office Department. The
passing of the air mail service as a gove~~tal activity closes a most interesting chapter in
the history of aeronautical developm~t and opens ~other, the sia@6cance of which it is
difiicuh to visualize.
The air mail service w-as inau~ra~ed h Feb~a~, 1918, on the New York to Washington
route. The NTational Advim~ committee for ~eronautic~ had been greatly interested in the
project as discussions of the practicab~ty and deshability of WQair mail service had beagun in
committee sessions as earIy as December of 1916, a~d the committee had invited representa-
tives of the Post Office Department to attend meetings fmm time to t;me for the purpose of
encoura.tig the department to inaugurate such a sem-ice. The committee was large~y respon-
sible for the seIectio~ of the relafii~ely safe route between NTewYork and Washington for the
first experiment. GradualIy the air mail service was extended to connect the east and west
coasts and also to serve other localities off the ma-m transcontinental air-way.
k December, 1922, questions of bread poficy aro~ regatiing the future of the air mafl
service and its fundamental purposes. In response to a request from President Harding the
National Advisory Committee for Aeronautics made a study of the problem and submitted
—._
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a report- dealing with the fundamental purposes of the air mail service, its accomplishments
and what remained to be accomplished, and presenting a comparison of an operatiug with a
development program and certain recommendations. III that report the committee sta~ed
that “The fundamental purpose of the air mail service is to demonstrate the safety, reliability,
and practicability of air transportation of the mails, and incidentally of air transportation in
general,” and added that it should ‘tDevelop a reliable 36-hour service between New York
and San Francisco, and make that service self-supporti-ng by creating the necessaly demtmd
for it and charging a rate between ordinary postage rates and nigh t-leiter teIegraph ra,fms.”
The committee reported further that “In hhe present unde~-eloped state of the art, it would he
wholly impracticable to operate an air mail service by contract. ”
The commitkee expressed the opinion that the most important objects remaining to I.m
accomplished were to “demonstrate that night flying is practicable over a regular route and
schedule, ” and to “bring aboub the development of an efficient type of airplane for this special
purpose.” The commitkee’-s report closed with recommendations that the air mail service be
continued under the Post Office Department until it had—
(I) Demonstrated the practicability of night flying in the mail service and actually
established a regular service between New York and San Francisco “in 36 hours or Iess;
(2) *Met the popular demand for a fast transcontinental service and made such service
self-supporting by means of appropriate rates;
(3) Demonstrated the exact cost and economic value of air transportation, using the
most appropriate equipment, including airplanes specially designed for efficient performance.
The committee further recommended that “when the above program is once accoin-
plished the further application of aircraft to the carrying of mail be effected by contracts with
private enterprise.”
The policy recommended by the National Advisory Committee for Aeronautics was
approved by President Harding. How weII it has been carried into effect is attested best by
the record of progress of the air mail service. There has been no more valuable experiment in
aeronautics and certainly none that contributed more directly to the demonstration of the
practical value of air transportation and to the advancement of aeronautics generally.
Under the fundamental policy of the Post Office Department mail is bound to be carried
eventually by the fastest means available, and the Post Office Department deserves recognition
by ihe people of the ‘United States of the important part it has played in demonstrating ihe
practical use of aircraft in the transportation of the mail. The economic value of air transporta-
tion of the mails now that the service is operated by private contractors will continue-to be
Lested and demonstrated until the air mail service is extended to serve communities in all pm+
of the country.
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REPORTS OF TECHNICAL COJIMH’TEES
REPORT OF COMMITTEE ON AERODYNAMICS
ORGASIZATIOX
The committee OQ aerodynamics is at present composed of the following members:
Dr. David ~. Taylor, chairman.
Capt. H. C. Richardson, V’nited States Navy, vice chairman.
Dr. L. J. Briggs, Bureau of Standards.
IXeut. Ernest W. Dichman, united States Army, mat&ieI division, .&ir Corps, Wright
Field.
Lieut. W. S. Diehl, United States Navy.
Prof. AIexander Klemin, Department of Commerce.
George W. Lewis, National .Ad-risory Committee for Aeronautics (ex officio member).
Nlaj. LesIie MacDill, united States .Irmy, mat6riel division, & corps, ~right l’ield.
Prof. Charles l?. Liar-rin, weather Bureau.
Hon. Edward P. warner, .lssistant Secretary of the Navy for ileronautics.
Dr. .,& F. Zahm, construction department, ~ashington Navy yard.
During the past year, Dr. Joseph S. .&mes, who had for several years served as chairman of
the committee on aerodynamics, submitted his resignation because of the additional demands
on his time entaiIed by his election as chairman of the NationaI Advisory Committee for Aero-
nautics. Dr. David W. Taylor was appointed to succeed him. The executi~e committee, in
ficcep ting Doctor Ames’ resinmation, recorded an expression of its sincere appreciation of the
invaluable service rendered by Doctor Ames, who had presided at sessions of the committee on
aerodynamics for over eight years.
FUN-CTIONS
‘I’he functions of the committee on aerodynamics are as follows:
1. To determine what problems in theoretical and experimental aerodynamics are
the most important for investigation by go-remment.al and private agencies.
2. ‘Po coordinate by counsel and suggestion the ~esearch work involved in the
investigation of such problems.
3. To act as a medium for the interchange of information regarding aerodynamic
investigations and developments, in progress or proposed.
4. To direct and conduct research in experimental aerodynamics in such laboratory
or laboratories as may be placed either in whole or in part under its direction.
5. To meet from time to time on calI of the chairman and report its actions and
recommendations to the executi~e committee.
-—
The committee on aerodynamics, by reason of the representation of the various organiza-
tions interested in aeronautics, is in close contact with all aerodynamics work being carried
out in the United States. In this way the current work of each organization is made known
to all, duplication of effort being thus pre~ented. Also all research -work is stimulated by
the prompt distribution of new ideas and new resuIt.s, which add greatly tio the eflicient conduct
of aerodynamic research. The committee keeps the research -workers in this country supplied
with information on European progress in aerodynamics by means of a foreign representative
who is in close touch .-with aeronautical activities in Europe. This direct information is sup-
plemented by the translation and circulation of copies of the more important foreign reports
and articles.
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The committee on aerodynamics has direct control of the aerodynamical research con-
ducted at Langley .Field, certain propeller reseuch conducted at Stanford University under
the supervision of Dr. W. F. Durand, and a number of special investigations conducted at the
Bureau of Standards. The aeroclynamic.al investigations undertaken at the Washington Navy
Yard, the mat6riel division of the Army Air Corps at Wright Field, and the Bureau of Standards
are reported to Lhe committee on aerodynamics.
SUBCOMMITTEEON.URSHIPS
In order that the committee on aerodynamics-”may be kept in closer touch with the latcsb
developments in the field of airship design and construction, and that research on lighter-than-
air craft may be fostered and encouraged to a gre~ter ~xtent, a subcommittee on &irships was
organized in September, 1927, under the committee on aerodyn~mics,. with the following
membership:
Hon. Edward P. Warner, Assistant Secre@ry of the Navy for Aeronautics, chairman.
Starr Truscotk, hTational Advisory Committee for Aeronautics, -vice chairman.
Dr. Karl Arnstein, Goodyear-Zeppelin Corporation,
Commander Garland Fulton, United States Navy,
George W. Lewis, National Advisory Committee for Aeronautics (es officio member).
Capt. Edgar P. Sorenson, United States Army, mat6rie1 division, Air Corps, Wright
Field.
R. H. Upson, Aircrift Development Corporatiori.-
l’he initial meeting of this subcommittee was held during October, at which recent investi-
gations in the field of Iighter-than-air research werci surveyed and problems for future investi-
gation considered. Subsequently Captain Sorenson was relieved and Capt. William B. %fayer
was appointed M a representative of the Army Air Corps.
L.4NGLEYME.MORIALAERONAUTICALLABORATORY
ATMOSPFIERICW’IND TmfNEL.—.%e8sure distri~ution.-In continuation of tests requested
by the Army Air Corps a half-span model of the biplane wing system of the Boeing pursuit
airplane has been tested to obtain the distribution of pressurb over each wing. The wings
were also tested individually as monoplanes. In accordance with the practice now in effect in
this tunnel, these wings were tested over a large range of angles of attack. The results showed
that the air-flow modification mutually produced by the two wings in proximity to one another
is confined chiefly to their adj scent surfaces. Reasons hitherto advanced for the difference
between the air forces on monoplanes and biplanes at large angles of attack were confirmed by
these tests.
Atitorotation.-As a result of experience gaiged i~ spinning tests made on behalf of the Army
and lNa-vy air services, a sbudy of the general subject of autorotation has been continued through-
out the year.
A light airplane model, proportionate in weight as we~ as in size, was mounted i~ the
tunnel free to pitch and to roLI about its center of gravity. This model was found LObe
capable of autorotation as a monoplane up to 26° angle of attack, and as a bipkme up to 80°.
Four recta~gular wing modeIs (a biplane and three morioplanes) were then tested for autorota-
tiomd characteristics. From these tests it was concluded that in flight a monoplane will not
“flat spin, ” whereas an unstaggered biplane has inherent ‘{flat-spinning” tendencies. These
tests led to a general study of the unstable conditions occurring in the “stalled” fiigh t of the
orthodox airplane.
The impossibility of calculating accurately the autorotational characteristics of wing systems
by the use of the conventional ‘(strip method” led to pressure distribution tests on one of the
wings used in the above-mentioned autorotation experiments. An analysis of these results
is now being made -with a view to improving the accuracy of autorotation calculations.
Tests are in progress to determine the autorotational characteristics of the various wing
arrangements employed in modern airplanes. Every effort is being made to produce a non-
spinning wing for the purpose of reducing the hazards of ‘(stalled” fiight~
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Boundary layer control.—The possibility of important gains in airplane efficiency and per-
formance by proper control of the so-called boundary Iayer has been investigated at this labora- .
tory at the request of the Bureau of Aeronautics, N’avy Department.. Owing to the retardation
of the air flow at the surface of a wing, as the angle of attack is increased the smooth flow o-rer
the upper surface ultimately breaks down completely and separates from ~t, thereby causing a
IOW of lift. By accelerating or by removing the “dead” air in this regioR of retarded flow
(boundary layer) the breakdown may be delayed until greater angles of attack are reached,
thus making available a greater lift.
A large number of pressure distribution tests have been made on a U. S. A. 27 airfoil fitted
with various types and combinations of slots through which air has been blown or sucked for
the purpose of controlling the boundary layer. The results of ihese tests have shown thafi the
power required by an airplane may be reduced by the use of suitable slot arrangements & the
wings. Removal of the boundary layer by suction has proved to be more ecortomical than the
acceleration of the Iayer by pressure.
The U.S. A. 27 airfod vi-asfound to be unsatisfactory for this work by reaso~ of its relatively
sharp nose and consequently high nose pressures- The investigation is now being continued on a
thick round-nosed airfoil ha-ring a &heoretically derived profile of the Joukowsky type. Pre-
liminary tests on this airfoiI have shown satisfactory nose pressures.
Rlnci’-tunnel appmwtus.-A new apparatus for pressure distribution tests has been placed
in service during the past year. It comprises a -wood separation plane, a 115-tube photographic
manometer, and a fig support permitting a 360° angIe-of-attack range.
Se-reraI minor changes ha-re bee~ made in the force-test wire balance, rixiulting in more
uniform operation and reduction of the personaI factor in force testing.
XisceZlaneous.— A mathematical analysis has been made of the prob~em of balancimg flying
models of airplanes for spinning tests. .The study included the derivation of a method for
giving the model the various known weight dktributions for the purpose of determining their
effect upon spinning.
At the inception of the recent series of long-distance flights a study -was made of talce-off
conditions for heafiy loaded airplanes. It has been suggested that the fact that in airpIane
can be made to take-off, even when so heatiy Ioaded that it can not climb higher than the span”
of its wings, may account for several of the recent crashes.
A new study has been made of data obtained in this tunnel some years ago on an oscillating
wing. As a result, it has been found that the lift of a wing while pitching is, in general, less
than the lift of a stationery -wing for the same angle of attack. A qualitative e.splanation of
the phenomenon of the pitching airfoil has been deri~ed from aerodynamic theory.
VARIABLE-DENSITY Wmn TUNXEL.-ThiS wind tunnel has been in continuous operation
throughout the past year, during which three major researches and several minor ones have
been conducted.
Three BriWi airplane models.-k cooperation -with the British Aeronautical Research
Committee, an investigation was conducted in the variable-density wind tunnel on a series
of airplane models which had been tested at the A’ational Physical Laboratory and at the Royal
Aircraft Establishment. Full-scale experiments had been made on the airplanes at Farn-
borough. The research consisted of tests to determine the scale effect on models of three
British airplanes (BE-2E with R. A. F. 19 wings, Bristol fighter with R. A. F. 15 wings, and
Bristol fighter with R. A. F. 30 wings). The scale effect on the maximum lift coefficient was
the important item. Comparison was made with full-scale flight tests made in England on
the original airplanes and a remarkably good agreement was obtained. A report has been
written covering these tests.
R. A. F. 19 airfoil section, scale eject.—Three airfoiI models of different sizes, having the
R. A. F. 19 section and an aspecti ratio of 6, were tested through the complete range of Reynolds
NTumber of the tunwd to determine the effect of the size of the model and the density of the
fluid on the aerodynamic characteristics of this section. The scale effect on the maximum
lift coefficient agreed with previous data obtained on a model airplane using this section. The
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effect of the size of the model in relation to the Reynolds ~umber was in accordance with the -
theory. This research is to be continued on another section and with variation of the velocity
as well as the size of the model and the density.
AT..4. 0. A .—1716 airfoil with jbp and a.ilerons.—At the first annual conference be~ween
the aircraft rnanufact urers and the committee on aerodynamics it was suggested that an inves-
tigation be undertaken to ascertain the effect of a flap and of ailerons at high angles of attaclc
and at a Reynolds hrumber equivalent to full scale. A large model of the N. A. C. A. —hfti
airfoil section fitted with a Hap and ailerons, 20 per cent of the chord in width, was therefore
tested at a density of 20 atmospheres up to high angles of attack for various settings of the
Hap and of the ailerons. Large changes in the mdues of the mrodynarnic chtiracteristics were
obtained with changes in the flap setting. At a downward setting of 25°, a ma.xhnum lift
coefficient of 1,71 was obtained. It is indicated from these tests that such a system may be
used for decreasing the wing area of an airplane, or its landing speed. The travel of the center
of pressure for the various conditions was determined. A report on these kests has been
published.
i200dyear-Zeppeh% a.im%ip twts.-At the request of the Navy Department, eight modek of
airships of different Iength-diameter ratios, of Goodyear-Zeppelin design, have been tested by
means of the main balance through the full range of Reynolds IVumber obtainable, the tests
including the determinatio~ of the lift, drag, and pitching moment at various angles of pitch.
Further tests were then made by means of ~ more accurate drag balance to determine the
resistance at zero pitch. The resistance of all the models showed a slight decrease i~ value as
the scale was increased and,it was found that on a basis of volume, a model of length-diameter
ratio of near 6 has the least resistance coefficient, A comparison of the characteristics of these
models was made with those of other models recently tested in this tunnel. A report has been
written covering this investigation.
Miscellaneous.-Replicas of the Iong and short airship models constructed at the British
h’ational Physical Laboratory and used for wind-tunnel standardization research have been
tested in this tunnel. A technical note has been published covering the resuIts and their relation
to previous data on these models.
Three liT. ~. P. A.-M6 biplane cellules of different staggers were tested up to an angle
of attack of 4S0 to determine their characteristics at high angles and the effect of scale. A report
has been written on the results of these tests.
A report covering tests mentioned in last-year’s report cm the Sperry messenger airplane
model equipped with six different sets of wings has been written. Comparison with similar
tests in the committee’s atmospheric wind tunnel was made.
An investigation of the relative thrusts obtainable from a reaction jet by the use of suitable
augmenters of the Venturi type -was made, the Me]ot system being used. A report has been
drafted on this investigation.
A dynamic pressure survey by means of a minute Pitot tube was made very close to-the
tunnel wall to obtain data on the change in velocity head near the wall and further inforrnatio~
on the “boundar.y layer.’) This work is covered in a. report on an analysis of Lunnel-wa]l effect.
PROPELLERRESEARCH ~QurPMENT.-The committee has realized for some time the need
for an accurate means of making aerodynamic measurements on full-scale aircraf~ propellers,
Tests on model propellers in wind tunnels are not entirely satisfactory because the deflection
of the model is different from that of its full-sized propeller. This introduces a rather lmge
error in some cases. ‘17he differerice in scale effect and tip speed between the model and fuIl
scale propeller is also a cause of error. llhdl-scale flight tests have, of course, the correct. condi-
tions, but at the present time they can riot be made with sufficient accuracy to be relied upon.
Two years ago the desi=m and construction of a propeller research equipment to fill this
need for full-scale tests was started by the committee. It has been completed during the
past fiscal year and testing operations are now under way. This equipment consists of a wind
tunnel of the open-jet type large enough to permit the mounting of a full-sized airplane fuselage
with its engine and propeller, The diameter of the jet is 20 feet and an air velocity of 110
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mik.s per hour has been obtained by means of a. propeller fan 28 feet in diameter having eight
cast aluminum alloy blades. The power to turn this prope~ler is furnished by two 1,000-
horsepower Diesel engines.
The airplane under test is mounted on a baIance which supports it in the center of the
air stream. By means of this balance thrust, drag, Lift, pitching moment, and rolling moment
can be measured. There are also a special tes~ fuselage, having a buiIt-in dynamometer scale
for measuring engine and propeLkr torque, and a de-rice for measuring the deflection of pro-
pelIer blades in operation.
This equipment makes it possible for the fist time to make aerodynamic tests with labo-
ratory accuracy on fall-scale aircra.ft propellers. In addition tests may be made on fuselages,
engine cowlings, cooIing systems, Ianding gears, tail surfaces, and other airplane parts.
Air-$ow .wmey.-il survey has been made of the velocity of the air through the test
chamber, with gratifying results. It was found that the velocity was very uniform throughout
a cross seetion of the jet.
Propelkr tests, Sperry messenger airplune.-ll order to provide for true corrections for
the effect of the Sperry messenger prope~er in flight tests on the airplane, tests were made in
the propeIler research equipment on the fierodynamic characteristics of the propelIer near
zero thrust. The tests were run at several air speeds between 50 and 100 miles per hour, cor-
responding to the actuaI velocities of the airplane in flighk. The results of these tests are
being used in a report no-iv under preparation.
Drag tests, Sperry messenger airplmze.—Full-sca1e tests on the drag of a Sperry messenger
airplane with the wings removed have been completed for comparison with the drag of a
model tested at the same Reynolds Numbers in the variable-density tunnel.
The fill-scale drag of the Sperry messenger fuselage, tail surfaces, and landing gear has
been measwed, and also the drag due to the windshield, cockpit, and the radial air-cooled
engine.
Air Sow through the propeiler plane.+.n order to study the effect of the fuselage on the air
flow through the propeller, a sur~ey is being made in the plane of the Sperry messenger pro-
peller with the propelIer removed. The flow is being surveyed both with the engine in place
and with the engine removed and the nose faired. The information from such tests wiU be
of value to propeller designers in that it will allow fihem to take into tmcount the effect of the
fuselage upon the air flow through the propeLler. At the present time this effect is not defi-
nitely known and is a source of error in the desibgn of propellers.
FLIGHT REsEncE.—Airships.—Dwhg the last year the extensi~e data on the loads and
stresses experienced by the IJ. S. S. -Los Angeles in maneuvering flight and in flight in gusty air
have been worked up to completion, tabulated, and submitted in report form to the Navy
Department. The data thus available cover the pressures experienced at 300 points on the hull
and tail surfaces in addition to the air speeds, angular velocities, angles of yaw, and control
positions at the time these pressures were encountered. As vas indicated by the preliminary
results mentioned in last year’s report, the final results show quite conclusively that the loads
in flight in rough air greatly exceed those rewdting from maneuvering the airship. Site a
knowledge of the character of gusts likely to be encountered iR rough air is essential for the proper
design of airships, the preliminary stmdy of the instantaneous changes in wind velocity and
direction, mentioned in last yea-r’s reportt, is being continued.
In conjunction with the Bureau of Aeronautics, Navy Department, an additiord series of
speed and deceleration tests has been conducted on the U. S. S. -LOSAngeles. These tests were
made both with and without the water-recovery apparatus in pIace, for the purpose of determin-
ing its effect on the speed, drag, and shape coefficient of the airship.
Airplanes.—The load distribution on high-speed airplanes is a subject of particular impor-
tance at the present time, because the high speed and great maneuverability of present-day
pursuit airplanes have made it advisable to revise the methods of load computations and the
loading spec%cations no-iv in use. In tl& connection, the major portion of the flight-research
$)~~g~_~
.
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work this year has been on the problems of determining the air loads experienced on airplanes
in all conditions of flight. Pressure distribution and acceleration tests have been msde on a
modern pursuit–airplane in which the pressures -were measured over the complete supporting
surfaces, i. e., wings and tail surfaces, and the accelerations measured at the wing tip, fuselage
tail, and the center of gravity of the airplane in all types of maneuvers, in some of which the
loadings approached the design load factor. The” investigation has been compieted for the
pressures experienced on the wings, veriical taiI surfaces, and one-half of the horizontal td
surfaces. The pressures in Lhe slip-stream portion of the wings and the remaining horizontal
surfaces are to be measured, after which the pressure distribution on the fuselage will b~ investi-
gated, ii. somewhat similar research has been completed on the air loads on the tail surfaces of
a pursuit airplane where the pressures on ELbalanced-type rudder were of special interest. These
tests were made in very violent maneuvers, a load factor of 11~ being attained in fiighk l?ol-
lowing the USUSJpractice in this type of research, the presswes and accelerations were measured
simultaneously and continuously throughout each maneuver, so that a time history of the pres-
sures and accelerations is obt~inable. The inforInation obtained from previous tests on & wi~g
zmd tail rib of two airplanes, a ;T13--7and a TS, has been further analyzed and is befig reported
on in greater detail in a series of papers, each of which gives a time history of the pressures, air
speed, and acceleration for a complete maneuver.
To investigate dangerous conditioris in spinning flight the “ dropping” tests insti~utmi last
year have been continued. In these tests flying models constructed to scale, both geometrically
and with respect to loading and Imass distribution, are dropped in a spin from & considerable
altitude, and the rate of rotation and descenti and the flight path m-e recorded by means of
ultrarapid motion pictures. As yet only the effects of mass distribution have been investi-
gated, but these show that the type of spin, flat or normal, can be contro~cd by the mass dis-
tribution, and indicate that dangerous spinning characteristics of an airplane may be avoided
by proper apportioning of the weights. Tests on similar models are to be extended to include
the effects of stagger, gap, and sweep back, and apparatus is being construc~ed t,o operate the
controls after launching, in order to study controI effectiveness in dangerous spins. To suppb-
ment the information on mass distribution obtained from the dropping tests, the full-scale
moments of inertia of a number of airplanes, particularly those that evidenced unusual spinning
characteristics, have been measured. For further information, the wing and tail pressures and
loadings are being determined during spins in the pressure-distribution tests on a pursuit
airplane, mentioned above.
A research on the water-pressure distribution on the bottom of a seaplane hull at binding
and while taxying has been completed for a single-float seaplane. The water pressures were
measured in landings, take-offs, and in taxying under a variety of wind and water conditions
sufficient to assure obtaining the maximum pressures likely to be encountered in service. The
pressure apparatus is now being prepared for a similar research on a boat-~ype seaplane.
R-e”cent wind-tunnel experiments have indicated the possibility of improving the aero-
dynamic characteristics of wings by removing the boundary layer (the inert layer of air that
clings LOa wing section) either by sucking it into the interior of the wing or by blowing it off
with air discharged under pressure. To determine the practicability of improving an airplane’s
performance by this means a series of flight tests was conducted in which the boundmy layer
of the upper wing of a biplane was removed by the pressure method. The tests were of a
preliminary nature only, in that a wing already-available was adapted to the purpose and an
N. A. C. A. supercharger was used to supply air under pressure to the slots in the top of the
wing. The tests indicated that the pressure method of boundary layer removal gave little
promise of success, particularly -on the type of wing section used. Further fright tests on
boundary layer remo-val by suction methods are contemplated but will await more complete
wind-tunnel data.
The subject of increased range of vision of the pilot in airplanes for combat purposes has
received considerable attention lately from the services, and to demonstrate the effoc t of a cut-
out center section on performance a series of tests -was conducted on a training typo biplane
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with various types of cut-outi center sections with and without wing tip shields at the cut-out
portion of the wing. The tests show thah a Tery considerable increase in forward and upward
vision can be reaIized at a sacrifice of approximately 12 per cent in speed and climb. The
cut-outs with shielding showed Iittle improvement over a cut-out having elliptical tips a.t the
open portion.
The lift and drag characteristics of the Sperry l&ssenger airpIane equipped with R.. ~. l?.
15, U. S. ~. 5, u. S. ~. 27, and (Xittingen 387 wings, determined in flight tests last year, have
been recomputed, using the information on propeller characteristics recentIy obtained in the
propelLer research equipment. The same propeller and airplane -were used in the propeller
tests as -were used in ffight. The correc~ions necessary are wry slight and the results which
have been held awaiting this confirmation are ready for publication.
Flight tests on five propellers on a 1%7 airplane have been completed and a report
prepared.
.llisceZlaneous.-Preparations are being completed for a research on the comparative
maneuverability of a.number of modern airplanes of the pursuit and observation types, in which
special attention is to be directed toward the determination of the fiighi path. Considerable
study has been given to -iiatious methods of measuring an airplane’s flight path in maneuvers,
and one method showing considerable promise of success has been developed. By it, from
measurements made in the airplane, the flight pa,th may be determined to a greater degree of
accuracy than has heretofore been possible. Another method incorporating motion pictures and
triangulation from the ground has been partially developed.
Some time and study has been spent in assisting oEc.ials of the Guggenheim safe aircraft
competition in formulating requirements of a safe airplane and prescribing me~hods of conducting
the required flighk tests.
lNSTRUMENT RESEARCH AND Development.—The attainment of high speed, greater
maneuverability, and the resultant high acceleration of the modern military airplane used in
connection with the various flight researches at the Langley ilemorial LeronauLicaI Laboratory
have called for greater refinements of the optical recording instruments which have been
deTeIoped for the various flight researches. ’170meet these requirements a number of the former
instruments have been remodeIed and improved and several new instruments have been con-
structed. Among the remodeled and newly developed instruments are the following: A new
recording turn meter, an airplane performance recorder, a new automatic observer, and a record-
ing fuel flow meter.
h the study of the load on the PW–9 airplane during maneuvers it was found that turn
meters used in previous tests where the angular accelerations were relatively low were subject
to considerable error in cases of high angular accelerations- lt -wasnecessary, therefore, to make
a complete analysis of the conditions under which the instrument would be required to operate
and to so desigg one that the errors would be minimized. Ihring this study the turn-meter
calibrating table -which was placed in operation lasfi year was found to be invaluable in making
the proper adjustments of sensitivity, natural period, and damping, and for the duplication of
instruments with identical constants. hi has also been found necessary to use the turntable for
the adjustmerit of ‘the three-component accelerometers to duplicate exactIy sensitivity, natural
frequency, and damping, This additional requirement has been found necessary for investi-
gations on seaplanes to determine the loading on the landing structure during the take-off and
landing periods. ALong with the study of damping probkrus a new type of dashpot has been
designed to prevent spilling and the evaporation of the damping %uid.
The increasing number of airplane performance tests conducted at this laboratory has made
it necessary to incorporate the recording elements of three instruments into one. This ~e-w
instrument, known as a performance recorder, c.onsist.s of a standard ~. A. ~. A. instrument
case in which are mounted a barometer, an air-speed meter, and a galvanometers. The gal-
vanometers forms part of a resistance-type thermometer and records free-air temperature. con-
siderable. study of the design of the strut element or btib to minimize lag and ai the same time
to produce a rugged iristrurnerk has resulted in a recorder which operates very satisfactorily
.—
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and requires a minimum of service. The combination instrument-makes a continuous record of
barometric pressure, air speed, and air temperature, from which the airplane performance can
readily be calculated.
Increased use of the automatic observer for flight tests and for laboratory tests has necessi-
tated its redesign to eliminate service difficulties, increase the number of instruments which
can be photographed, increase the frequency at which the pictures are taken, and reduce the.
space requiremerits. The new automatic observer Ineets these requirements and photographs
the indications of as many as 12 standard instruments at the rate of 12 exposures per
minute: The instrument has been found of value in laboratory tests where simultaneous read-
ings are required from a number of indicating instruments, and through its use it is possible to
complete-a given series of tests in a much shorter time, with fewer personnel, and with an accurate
definite record of the readings, unaffected by the personal element.
For some time there has been a definite need for an accurate fud flow meter for use in flight
researches on power plants, and the investigation of several types of instruments was reported
last year. As a result of these investigations, an instrument has been built and given consider-
able service, and shows promise of fulfilling this need. It consists of a Venturi nozzle and two
difl’erential pressure bellows interconnected with a mechanism for operating a Wheatstorm
bridge in such a manner that- the galvanometers registers rate of fuel flow. The instrument is
not affected by the vibration of the airplane, and its installation may be made anywhere in the
fuel line.
It was reported last year that an investigation was in progress to determine the practicabdity
of the use of carbon disks in conjunction with the cathode ray oscillograph as an engine indicator
for high-speed aircraft engines. ~oritinuation of this investigation has shown that such an
apparatus would be unduly complicated and wou~d require much careful research before such
equipment could be designed for practicaI use. Therefore it was decided to investigate the
possibilities of a simple diaphragm type optical engine indicator, and very promising results
have been obtained. One instrument has already been constructed which records upon a photo=
graphic film the pressure in the combustion chamber of a fuel injection engine during its opera-
tion. l~hile the instrument is still in the experimental stage the results indicate that a very
satisfactory indicator can be built upon this principle. It consists of an optical system attached
to a small steel diaphragm, which is inserted directly through the spark plug hole of the engine
cylinder head flush with the walI of the combustion chamber. The minute deflections of the
diaphragm are optically amplified and recorded upon a moving fiIm, thus resulting in a diagram
of the pressues within the engine cylinder against time.
The new propeller research equipment recently put into operation was found to require
some form of device for automatically controlling the air speed within close limits throughout
the working range. To meet this need an instrument was constructed which is primarily a
sensitive balance operated by small changes in pressure, electrical circuits being operated to
maintain a constant air speed at any predetermined value by controlling the propelIer speed.
The instrument has been installed and used in tonne.cbion with the 6-inch wind tunnel where
experience has shown that it-may be expected to operate very satisfactorily in controlling the
air speed of the larger tunnel.
There have. been numerous other investigations and instrument developments during the
past year, such as a propeller protractor, a number of stop-watch control mechanisms, an auto-
matic angle-of-attack mechanism for use in pressure-distribution investigations, and investigti-
tions of various oils suitable for instrument damping, which investigations m-e still in progress.
WASHINGTON NAVY YARD
Airplane models.—The 8-foot wind tunnel of the l~ashington Navy ~ard has been used
almost cmtirely for airplane model tests. During the past year 34 complete-bests in pitch and
yaw were made on 22 models representing 17 designs. Seventeen of the tests were of a research
nature and an equal number were made on either design studies or existing service airplanes.
REPORT NATIONTAL ADVISORY COM7WTTEE FOE AERONAUTICS 29
FolIowing the usual practice, two models were tested in both landplane and seaplane arrange-
ment, tmo models were testted with two wing sections, one model was tested with two tail surfaces,
and two models were tested with three taiI surfaces. These tests have suppIied valuable data
for the design requirements of the Bureau of ~eronautics. In this connection, it is to be noted
that fight tests appear to confirm fully the wind-tunnel indications of high efficiency for the
Gottingen 398 wing section and its modficationsj exeelIent agreement having been obtained.
Two of the tests on tail surfaces are of general interest. The ori=ginal P~–7 was found to
have neutral static longitudinal stability for angles of attack between 5° and 12°, and this was
-verified by flight tests. Wind-tunnel tests with a new horizontal tail surface having the same
area as the origina~ but with an aspect ratio of 4.4 instead of 2.2 showed very satisfactory static
stability which was also -rerifled by tlight tests. The origiaal ~3N1–1 horizontal tail surfaces
had a very thick section, and the control and stability were only fair according to both wind-tunnel
and Eight tests. ii -wind-tunnel tesi on this model fitted with tail surfaces of a comparatively
thin section showed a considerable improvement in both control and stabiIity. Flight tests
.
have not yet been made to verify this, however.
Airfoils and tings.-hing to an unusua~y Iarge amount of urgent work it has not been
practicable to carry out the airfoil testing program laid out several years ago. This work will
be carried over until it can be done without holding up more important tests.
~ontrol surfaces.—Two or more rudders or elevators are frequently tested on an airplane
model as a part of the desig~ research program, but occasional tests are made on control surfaces
done. During the past year three such models -were tested for lift, drag, and hinge moments.
Ligh&r-t7um-air craft.-Drag tests have been made on a streamline form having for its
longitudinal cross section one loop of the curve ~= K cos (4.86). The drag per unit area of the
maximum cross secfiion was very low, but the prismatic coefficient of the model was also low
a~d the drag per unit volume not qo favorable.
For more tkan two months the entire facilities of ihe wind tunnel were employed in research
work on three rigid airship models fitted with various control surfaces. Drag readings were
taken at 0° pitch and yaw and at a series of -wind speeds with the models in various conditions
ranging from the bare hull to complete appendages. Tests were made in pitch and yaw on one
of the models fitted with various combinations of appendages and control surfaces. Damping
coefficient-s were also measured.
MisceZZaneous tests.—Tests have been made in the 4-foot wind tunnel on three float models
and two fuselage modeIs in addition to the series previoudy described. It has developed during
these tests that the drag coefficient is quite sensitive to comparatively small changes in the
lines and that further work is desirable. ~ variation of approximately 100 per cent in drag
-was found between two models of the same generaI appearance.
The pressure drop or resistance of w-ire screens of varying wire and mesh sizes is now being
systematically in-rest.igated in the 4-foot wind tunnel.
BUREAUOFSTANDARDS
Find-tunnel inre$tigations.—D uring the year the insta~ation of apparatus at the Bureau of
Standards for measurements of aerodynamic characteristics of airfoils at high speeds was com- .
plet-ed. The equipment provides a continuous air stream 2 in-ches in diameter of speeds ranging
from 0.5 to 1.08 times the speed of sound (375 to 825 miIes per hour, approximately). The
characteristics of 24 airfoil secbions have been determined at speeds of 0.5, 0.65, 0.8, 0.95, and
1.08 times the speed of sound at angles of attack from the angie of zero lift to + 24°. The
airfoils were of l-inch chord, extending entirely across the air stream and represented members
of the R. A. F. and CIark Y families commonly used in propeLler design. The measurements
form a part of a general program outlined by the conference on propeller research organized by
the Arational Advisory Committee for Aeronautics and will be published as a technical report
of the committee. The results show the Clark Y sections to have the greater efficiency at high
speeds and indicate &he desirabibty of moving the mtimum ordinate back on airfoils inbended
for speeds equal ta the speed of sound.
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The investigation of turbulence in wind tunneIs has been continued in cooperation with
the NationaI Advisory Committee for Aero~autics. The possibilities of the use of a hot wire
have been extensively investigated and encouraging results have been obtained.
The subject of wind pressure on engineering structures has received further attention,
The distribution of pressure over a model of a factory building has been measured and the results
are being prepared for publication, The model experiments on chimneys are being supplo-
me~ted by observatio~s of the pressure distribution around an experimental chimney 10 feet
in diameter and 30 feet high constructed on the roof of one of the buildings of the Bureau of
Standards. Preliminary observations indicate that the model experiments carried out above
the critical region give fairly reliable indications of the force on a full-scaIe chimney.
Aeronautic instrument investigat~ons.—Progress has been made on the design of temperature
elements having a smaII time lag for use in the electric-resistance type of air thermometers.
These instruments were constructed for the National Advisory Committee for Aeronautics
for use in performance tests of aircraft. R-esistance eIement-s have been constructed which
have a thermometric time lag of 4 seconds when exTosed in an air stream of 17 miles per hour,
compared with a lag of 17 seconds at the same air speed for the elements previously built. This
corresponds to a time lag of about 2 seconds at flying speeds, which reduces the Iag error in the
measurement of the air temperature during the climb of fast airplanes from about 0.9° C. to
0.2° C. A report entitled “Lag of thermometers and thermographs for aircraft, ” has been
published in the Monthly Weather Review.
The development and construction of an altimeter corrected for air temperature has been
completed during the year for the Bureau of Aeronautics of the Navy Department. The
temperature correction feature relates to the application of a correction for the purpose of
taking account of the temperature term in the altitude formula. The ground-Ievel air t!enlper-
ature is set up in the instrument on a small drum showing through the diaI. Altitudes are then
indicated which take account of an average variation of temperature with aItitmde for the set
value of ground-level temperature. The instrument also contains the usual devices which
compensate for the effect on the reading due to the variation in temperature of the instrument:
The altitude range is 15,000 feet. “
Research relating to the properties of elastic materials used in instruments has been
continued for the hTational Advisory Committee for Aeronautics. Three of the Ogilvie air-
speed indicators containing speciaI rubber diaphragms were returned for tests in May, 1927,
from the Langley hiemoria.1 Aeronautical Laboratory. No appreciable change in the stifl’ncss
of the diaphragms ivas evident, covering a period of 1x years of use and three years since manu-
facture. Further progress has been made on the research relating to elastic hysteresis. The
damping of a tuning fork of Armco iron was determined experimentally and a relatio~ deveioped
between the statical hysteresis modulus and the damping. Aleasurements on an Armco iron
bm, loaded at one end and fixed at the other, have shown that the stdical hysteresis is the
same for cycles of equal load range, but different terrninal loads. Reports are in preparation
on this work. A large amount of experimental data has been accumulated on the change in
the modulus of torsion of diaphragm and spring metals in the temperature range +40° C.
– 20° C. A report on tension experiments on diaphragm metaIs -was submitted to the
~ational Advisory Committee for. publication as a technical note.
An investigation is in progress for the IITationaI Advisory Committee for Aeronautics on
suitabIe damping liquids for aircraft instruments. An idea] damping liquid of a required
viscosity should be nonvolatile, nondrying, and chemically permanent and have a small temper-
ature coefficient of viscosity in the temperature interval experienced by aircraf~. Bearing in
mind the above requirements the viscosity of a number of Iiquids and mixtures has hem mem-
ured in the temperature range from +40* to – 300 C.
Special emphasis was placed on the development and improvement of lightier-than-air-
craft instruments and of flight-test instruments for the Bureau of Aeronautics. This has
included the construction of an improved superheatmeter, the addition of an air-speed recorder
to a barograph, the construction of a bimetallic-element thermograph, and other refinements
and improv~ments. Progress has ako been made in the preparation for the Bureau of Aero-
nautics of the generaI report on capillary-type rate-of-climb indicators.
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M.4Ti%UEL DIvLSION,ARMYAm CORPS
General.—During the past year tbe operation of the wind tunneIs at hlc~ook Field has
been seriously handicapped by the necessity of moving the equipment to the new ~right Field.
The 5-foob wind tunnel has been used almost exclusively for the various routine. service tests
of model airplanes. In the high-speed 14-irwh wind tunnel a study of air flow was m&de by
visual means. The surface-flow photographs were made by a method used by the General
Electric Go., which consists of painting the model with a mixture of larnpblack and kerosene;
the air flow then records its direction by scoring fine channeIs in the pigment, resuhg in
“surface Lines,” -which may be readily photographed. ~ further study -was made in the 14-inch
wind tunnel of air flow around airfoils at various ang~es of attack and around different bodies.
The investigation also included a study of the effect upon the air flow of removing the boundary
layer.
LYOmajor change has been made in the apparatus of the wind tunneIs, but the mechanisms
of the wire baIance in the 5-foot wind tunnel has been rei?med by replacing the pulley in the
“dead line” with levers mounted on knife edges.
Q?icers’ sc7ioo2.-The usual period required by the lQCook Field officers’ school was
devoted to the tistruction of a class of 11 officers in the practice and technique of wind tunnel
operation.
~wtice tes&.-The majority of the airplane models were tested both on the ~. P. L. balance
at 40 miles per hour and on the wire balance at 100 miles per hour. This procedure WaSfo~{)wed
for tests on se-reral models in order to study the eftect of speed upon the burbling of the wing
and to compare the two baIances. The airplane model tests include the following:
Scale of model 1 F&me of model Method
—
f I
Light bombardment types:
One-fortieth ___________ AtIantic XLB-2_________________
One thirty-sLxth-.. -_-_-! Keystone XLB-3________________
One fort~-eighth_-------~ - Glenn Lfartin ~~B--4____________
One thirty -sixth -------- Keystone 2CLB-5----------------
One-&tieth--_-_ -__-_; Woolsey bomber ________________
! Heavy bombardment types:
One-titieth ------------ Keystone XB-l--_-___--_-_--_ -_/ t
One-fortieth ---------- i Curtiss KB-2___________________One forty-eighth ______ Atlantic XHB-2_________________
One forty-fourth _-_---l Mat6fiel di~-ision H. B___________
One-fortieth----------- Transport type: Fokker V–VII _______
,
; Observation types:
One-tweMth____-_—---- Mat&iel division N. O---------------
One twenty-fourt.h- _--_l Douglas XNO-2________________
One twenty- fourth-____! Thomas-J~orse lCO-6____________
One-t~-effth-___ -_-----l Gr~dG at&ck type: lfat&iel divi-
,.
One-eighteenth -.--_ --l Pursuit ~yp~: Curtiss P-l ____________
N. PD~ balance .at 40 m. p. h.
Wiie b~lance at 100 m. p. h. and N’. P. L.
balance at 40 m.p.h.
N. P. L. balance at 40 m. p. h.
Wiie baIance at 100 m. p. h.
Wire bzdance at 100 m. p. h. and N. P. L.
bakmce at 40 m. p. h.
N. P&L. balance at 40 m. p. h.
W7ie%aiance at 100 m. p. h.
Wiie bslance at 100 m. p. h. and N. P. L.
balance at 40 m. p. h.
Wire balance at 100 m. p. h.
Do.
N. P. L. baIance at 40 m. p. h. and wire
baIance at 100 m. p. h.
Wire baIance at 100 m. p. h.
N-. P. L. balance at 40 m. p. h.
—
Two 6 by 36 inch airfoils (C!lark 1“ and R. .%. F. 15) with trailing edge flaps were tested.
These airfoik were tested at 100 miles per hour on the wire balance. The ~. ~. C. ~- 81–J
airfoil was tested on the tie balance at 100 miles per hour. Several of the propeller series of
airfoils which were tested in 1926 were retested to check the pretious work.
MweUaneous tesk.-Tests were made upon &scale modeIs of the ~ougIas O–X2 and
Curtiss 0-1 airplanes and celhdes at all angles of attack (0° to 3600). This work was done in
connection with the study of the spinning characteristics of these airpla~es.
An autogyro model of the la Cierva type was tested fo~ Mfi and drag.
~ Preliminary “flutter” test on specially constructed airfoiI was made.
Other miscellaneous tests included the tests of wind-driven generators and earth inductor
compasses, tests on airplane fabric, a test of a commerci&l windmill, and a test of a model
airpkme wheel snd tire.
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EDUCATIONAL INSTITUTIONS
At a conference of representatives of educational institutions in this country engaged in
the teaching of aeronautical engineering, held in ~ashington on December 10 and 11, 1926,
under the auspices of the Daniel Guggenheim Fund for the Promotion of Aeronautics, at which
conference the National Advisory Committee for -Aeronautics, as well as the mak%iel division
of the Army Air corps, was represented, the programs of aerodyn~mic research to be carried
on by the various educational institutions were discussed. As agreed upon at this conference,
these research programs have since been submitted to the Daniel Guggenheim Fund.
Through the courtesy of the Guggenheim Fund, copies of these programs have been trans-
mitted to the hTational Advisory Committee for Aeronautics. The princ~pal items of aero-
dynamic investigation included in the research programs received from the educational instit-
utions of the United States are as follows:
Bassachuwtis Institute of Technology:
1. Continuation of investigations of mutual interference effects of airplane pro-
pellers md other parts of the airplane. This is to include the effects of radical changes
in fuselage form and location, effect of radical engine cylinders with different types
of cowling, the effect of dfierent propellers on performance, the effect-of nades in
multiengined airplanes, and the measurement–of elevator and rudder hinge moments.
2. Jfeasurements of flow around a model airplane as influenced by the propeller,
particularly in the region near the tail.
3. Possible experimental determination of actual air flow near the blades of the
propeller as opposed to the mean air flow.
4. Pressure distribution on the tail with slip stream.
Xew York L%iwrsity:
1. Corrections for calculations of performance test, with speciaI reference to the
Daniel Guggenheim Safe Aircraft Competition.
2. Wind-tunnel tests for comparative efficiency of an engine nacelle placed at
different positions between the wings of a biplane.
3. Empirical design formuke for downwash behind monopkme and biplane wings.
Stan.ord University:
1. An experimental investigation of the performance characteristics of a series
of five metal model propellers in a free wind stream and in combination with a model
of a VE-7 airplane.
2. An experimental investigation of air propellers in yaw. It is planned to
conduct this investigation on a series of United States Navy standard models at angles
of yaw from 0° to 20°.
3. An experimental investigation of the rotational velocity of the slip stream of
air propellers. It is planned first to determine the rotation in the slip stream of a
series of United States Navy standard model propellers and then to investigate the
effect of straightening vanes upon the power absorbed and efficiency.
4. An experimental and theoretical investigation of the causes of discontinuous
air flow. It is desired to formulate criteria which will enable the prediction of the
departure of smooth flow from the surface of an airfoiI or streamline body.
5. An experimental investigation of the induced drag of airfoils of high aspect
ratio. It is intended to test-airfoils having aspect ratios from 6 to 15 and to compare
the results with the predictions of the Manchester-Prandtl theory.
California hstitute of Technology:
1, Theoretical investigations in boundary Iayer, heat conduction, and other
aerodynamical subjects.
Z. Full-scale construction and free fligh &testing of a new model of the Merrill
type stagger decalage biplane.
3. Installation and calibration of apparatus in the Daniel Guggenheim Labora-
tory of the institute.
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REPORT OF COMMITTEE ON POWER PLANTS FOR AIRCRAFT
ORGAXCZATIOX
The committee on power plants for aircraf t is at prese~t composed of the following members:
Dr. S. ~. Stratton, klassachusetts Lnstitute of Technology, chairman.
George W. Lewis, IYational Advisor-y Committee for Aeronautics, vice chairman.
Henry M. Crane, Society of Automotive E~gineers.
Prof. H&vey N. Davis, Harvard University.
Dr. H. C!. Dickinson, Bureau of Standards.
William 1’. Joachimj N’ational Advisory Committee for Aeronautics.
Lieut. Commander James M. Shoemaker, United States LTavy.
Prof. C. Fayette Taylor, Massachusetts Institute of Technology.
Capt. T. E. TiMnghast, United States Army, mat&iel division, .& Corps, Wright
Field.
FUXCTIOXS
.
.
—
The functions of the committee on power pIants for aircraft are as folIows:
1. To determine which problems in the field of aeronautic po-iver-plant research are the
most important for investigation by gomrnmentaI and private agencies.
2. To coordinate by counse~ and suggestion the research work involved in the investiga-
tion of such problems.
3. To act as a medium for the interchange of information regarding aeronautic power-pIant
research in progress or proposed.
4. To direct and conduct research on ~eronautic power-plant problems in such laboratories
m may be placed either in whole or in part under its direction.
5. To meet from time to time on c.afl of the chairman and report its actions and recora-
mendations to the executive commitkee-
By reason of the representation of the Army, the Naw, the Bureau of Standards, and the
industry upo~ this subcommittee, it is possible to maintain close contact with the research
work being carried on in this country and to exert an influence toward the expenditure of energy
on those problems whose sohtion appears to be of the greatest importance, as Fell as to avoid
waste of effort due to unnecessary duplicatio~ of research.
The committee on power plants for aircraft has direct control of the power-plant research
conducted at LangIey Field and also of special investigations authorized by the committee
and conducted at the Bureau of Standards. Other power-plant investigations undertaken
by the Army Air Corps or the Bureau of Aeronautics are reported upon at the meetings of the
committee on power plants for aircraft.
I.iA>’GLEYXE>XORI.ALAEROX.4UTIC.AL L.4BORATORY
ENGINE llESEARCH.-i%l injection eng&e.-The increased thermal efficiency and low
fueI consumption theoretically obtainable with the high-speed oil engbe as compared -with
the carburetor engine, make the use of the oil engine particularly attractive for both military
and commercial aircraft. The use of an oil engine for this type of service requires, however,
maximum engine refinability with high power output per pound of engine -weight, and low fuel
consumption.
As previously reported, the two factors of major importance in the design of an aircraft .
oil engine are, first, the complete preparzt,ion of the fuel charge t.o give practically instantaneous
autcignition on injection into the combustion chamber and second, the efficient distribution
of the fueI throughout the combustion chamber by use of proper oil sprays a~d iihe necessary
degree and type of combustion chamber turbulence, which will give combustion of the fuel
early in the power stroke. The amount of research work done in this country and abroad toward
obtaining the solution of these probIems has greatIy increased within the last year. The com-
mittee’s work has incIuded the invest~gation of the effects of turbulence as produced by com-
bustion chamber design, the analysis and testing of various types of fuel val-res and injection
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pumps by means of special spray photography apparatus and by engine tests, and the analysis
of theoretical problems in connection with the cahndation of oil engine cycle efficiencies.
Engine performance—i_70 mbustion chamber design,—The investigation of the effect on @ne
performance of the various degrees of turbulence brought about by combustion chamber design
has been continued with a single-cylinder Liberty engine and the second bulb-type cyhnder
head. As previous~y reported, the engine performance of this hype of cylinder head has been
determined with a nine-sixteenth-inch oriiice having sharp edges, rounded edges, and with
the cylinder side of the orifice flared to discharge the burning gases over one-half the piston
area. The orifice has now been flared on the bulb side to distribute the air moro thoroughly
in the bulb. Ml tests have been made at a compression ratio of 13.5. The corresponding
compression pressure at 1,600 revolutions per minute is 440 pounds per square inch, The
fuel injection system used includes a cam-operated impact-type fuel injection pump and a spring-
loaded fuel injection valve designed to give a high degree of fuel atomization. The engine
performance was determined for speeds from 60~ to 1,800 revolutions per minute, wifh the
orflce flared to distribute the gases from the bulb over one-half the piston area, and a con-
stant fuel quantity equeJ to 83 per cent of the full-load fuel quantity. The indicated mean
effective pressure throughout- the entire range of speeds was approximately 110 pounds per
square inch and the fuel consumption 0.39 pound per indicated horsepower per hour, The
maximum cylinder pressure varied from 690 pounds per square inch at 600 revolutions pm
minute to 75o pounds per square inch at 1}800 revolutions per minute. FIrwing the bulb side
of the cylinder orifice resulted in increasing the indicated mean effective pressure at full load
and lj600 revolutions per minute from 109 pounds.yer square inch to 113 pounds per square
inch, The corresponding fuel consumption on an indicated basis were 0.48 and 0.46 pound
per indicated horsepower per hour. This represents a gain in mean effective pressurie of 3.6
per cent and a reduction in the fuel consumption of about 4 per cent. The maximum cylinder
pressure at full load, as indicated by a diaphragm type maximum cylhlder-pressure indicator,
was 75o pounds per square inch for both series of tests, AIong with this investigation on the
effects of turbulence, many tests have been made with this eng<me to determ”me the effects of
progressive piston alterations on the performance of special types of gas and oil piston rings.
Two additional cylinder heads have been designed and constructed under this investigation
for the Universal test engine. The first cylinder head has a vertical disk-shaped combustion
chamber located between the inlet and exhaust valye, with means for varying the amount and
direction of the turbulence. This change in air turbulence is obtained by variations in large
removabIe oritices connecting the cylinder with the disk-type combustion chamber. A wide
range of cylinder-orifice areas and shapes has been selected to permit the determination of the
engine performance for a complete range of air-fueI ratios. The fuel injection pump is cam-
operated and equipped with means for timing the injection and determining the rate of fuel
pressure rise and the point of injection cut-off. The fuel valve used is of the automatic, spring-
Ioaded, stem type and can be fitted wiih nozzles ha~ing one or more orifices. An investigation
on nozzles using various arrangements and sizes of small round orifices will be made sufiicient]y
complete to make a comparison between engine performance with the multiple round orifices
and with slotted and annular orifices. The minimum diameter of the ori.dces investigated will
be O.OO4inch. This cylinder head will be tested at compression ratios from I I.7 to 13.6, spcwds
from 800 to 2,400 revolutions per minute, and a controlled maximum cylinder pressure of abuut
800 pounds per square inch. Preliminary tests of this cylinder head have included the deter-
mination of the volumetric efficiency for spedds from 1,200 to 2,000 revolutions per minute
with four cylinder orifices having areas of 1.95, 2.60, “3.25, and 3.90 square inches.
The preliminary power tests made with this cylinder head and nozzIes having from three
to fiw~~~ces show that the performance to date is poorer than that previously reported for
fuel injection valves having annular orifices. The decrease in engine performance obiained
when using small round orifices in the injection valve nozzIe indicates that Lhe sprays arc no~
sufficiently welI atomized nor distributed for high-speed oiI engines. This was expected from
theoretical considerations, and was further indicated by spray distribution analyses made in
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connection with certain fuel-spray photography investigations. The combinations of orifices
which have been used to date with a single fuel injection valve have prevented the attainment
of the variable fuel injection r&tes for which the injection-pump cmm was designed.
The second cylinder head has a horizontal, disk-shaped combustion chamber designed to
conform to fuel spray shapes and pfovided with openings for the me of one or more injection
valves. ~ar-ying degrees of turbulence within the combustion chamber may be obtainecl tith
this cylinder head by -raryin~ the shape, height, and diameter of a short, large-diameter &.splacer
on the piston. The perforraance of &his cyIinder hestd will be determined for various degrees
of fuel preheating by using exbust and electrical fuel preheating injection wolves. The castings
for this cylinder head are being machined.
One of the fundamental factors which control the performance of a high-speed oil engine
is the rate at which the fuel and air are raked and burned. lf the combustion proceeds too
rapidly or with shock, it results in excessi~e cylinder pressures. Too slow a combustion rate,
giving low maximum cylinder pressures because of late ignition and after burning, results in
poor enbtie performance. consideration of these factors has led to the desi=m of a cylinder
unit which wH.Icontrol combustion in a high-speed oiI engine by mech~ical displacement of
the vaporized and i=gnited oil charge and the air for its complete combustion from sma~ cam-
operated auxiliary cylinders into the power cylinder. This cylinder design will permit a con-
siderable increase to be obtained in volumetric eflicim.cy, and will have several desirable
characteristics in connection with the construe.tion of radial air-cooled engines beca~~e of its
shorter cylinder length. The fuel-injection pump for this cylinder-head unit is cam-operated
and the start and stop of injection are controlled by a poppet type by-pass valve. The purnp-
control levers will simulate the throttle and spark controls of a carburetor aircraft engine.
Engine perjformance-Engine uar{able~.—hv~tigations coriducted with standard Liberty-
type aluminum-aIIoy pistons have indicated the necessity for a reduction in the friction of the
rings and khe pistons, and an increase in strength of the piston crown and bosses for oil engine
operabion. ~ skeleton-type piston has been desi=med for high-speed oil engine service to give
maximum power transmission -with minimum mechanical and thermal distortion. The pistons
are constructed of “Y” alloy and weight nine-tenths as much as the standard .irmy Liberty
type of aluminum-alloy piston. The loading on the piston crown is transmitted by a strut of
large section directly to the mid-section of the piston-pin bosses. The skirt of the piston Ls
i~sulat.ed from the crown and ring belt by a slot. The thrust faces of the piston have been
designed to operate ati a loading of 250 pounds per square inch at a cylinder pressure of 1,000
pounds per square inch and an engine speed of 2,400 revolutions per minute. The thrust
faces -iviIIbe lubricated by oil under pressure from the wrist pin. These pistons will be tested
in single-cylinder test engines with various piston-ring desi=ms and assemblies for the deter-
mination of the major factors affecting power transmission and friction losses.
The investigation of factors influencing the mechanical efficiency of the oil engine has
shown the need for reducing the friction mean effective pressure by reducing the waJ.Ipressure
of piston rings. special piston rings have been designed to permit flooding of the cylinder
walls with oil under pressure. The inertia and friction of the ring. against the cylinder wall, and
the inertia, impact, and hydraulic pressure of the oil are used to seal the land and cylinder-
wall surfaces against leakage. The normal -wall pressure of the piston rings is practicably
zero. Progressive alterations to the piston have reduced the oil consumption of the engine with
one autoseal oil ring to about one-third the initiaI oil consumption, and to about tvio-thimis
the consumption obtained with three standard Liberty piston rings.
Indicators for engines which use diaphragms or disk valves to measure engine-cylhder
pressures have inherent errors, because of &he inertia of their moving parts and the difference
in the area exposed to the cyLinder gases and to the balancing gas pressures. Eno@e tests
have been undertaken to determine the effect of varying the shape, mass, and displacemen~ of
the moving element in a diaphragm-type maximum-cylinder-pressure indicator.
Fuel-injection pumps and /a7res.—The reIative amounts of fuel and the rates of fuel injection
required to give the constant ~olume and constant pressure burning for theoretical dual-com-
—
.
—
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bustion-cycle indicator cards have been calculated during the past year. These theoretical
calculations have been used in the design of a cam for a fuel injection pump to deliver fuel at
the rates required to control combustion so as to obtain the cyIinder pressures as given by Lho
theoretical indicator card. Injection, distribution, ignition, and combustion lags, as deter-
mined from bench tests and theoretical. calculations, have been taken into account in the design
of this cam to control the proportion of constant volume and constant pressure combustion.
The injection valve used with this fuel injection pump is of the automatic, spring-loaded stem
type, with a mwrow conical seat at the end of the stem. Preliminary tests have been mado
with injection nozzles having combinations of from three to five round orifices in the cylinder
head having a vertical disk-type combustion chamber. Test work now in progress wilI cover
the range of efficient operation of multi orifice injection nozzles using smalI round orifices.
Tests made with the second N. A. (2. A. bulb-type cyIinder head indicated that there was
only a s~ight increase in performance to be obtained by extending the fuel injection vaI-re nozzle
short distances into the buIb. The maximum length of extension previously tested was
one-half inch. Since the +$-inch orifice has been flared on the bulb side, the fuel nozzle has
been extended 1% inches into the buIb. This extension has been pro~-ided with a series
of copper fins designed to increase the rate of vaporization of the fueI within the bulb. Th~
orifice in the fuel-valve ex~ension is designed to inject the fuel directly into the nine-sktccnths
cylinder-to-bulb orifice which should give considerably improved miting of the fuel and air.
It is expected that the large surface area of the fins will reduce the time Iag of autoignition of
the fueI by acting as a hot surface within the precornbustion chamber.
l?or successful high-speed oil engine operation, the time Iag of autoignition must be reduced
to a minimum. Two fueI injection valves have therefore been designed to study the effect of
the thermaI preparation of the fueI before injection on the Iag of autoigni~ion and engine per-
formance. In the first valve design the heat required to prepare the fueI is taken from the
exhaust gases by a series of fins. The second valve is provided with eIectric heating coiIs for
heating the fueI. Fine wire thermocouples wiIl be used to determine the progressive tem-
perature rise of the fuel as it passes through the fuel injection valve. ~ direct comparison of
the electric and exhaust heated vaIves will be made on the same cylinder heads.
FUEL-INJECTION ?+EsEARcH.—The spray photography apparatus constructed and devel-
oped by the staff of the committee has permitted the extended photographic study of the
characteristics of injection systems and the fuel sprays produced by them. Records of the
start, development, cut-off, and distribution of the fuel sprays are obtained by pho~ographing
them at rates of from 2,000 to 4,000 per second with an exposur~ of Icss than onc-rnillionth
second. Injection pressures up to 12,000 pounds per squw-e inch and spray chamber pressures
up to 600 pounds per square inch are used. The spray-photography apparatus has been
described in previous reports of the committee. . .
The time lags of an injection system are important in the design of high-speed oil engines.
Additions to the spray-photography apparatus have made it possible to determine the time
lags for the injection system used with the apparatus. In this system, oil under pressure is
released by a cam and lever-operated timing vaIve to the injection valve tube to produce a
spray from the injection valve. A record of the motion of the injection valve stem is obtained
on a photographic film by means of an opticaI indicator. By coordinating this record with that
of the series of spray photographs, the time lags for various test conditions for the pressure waves
to travel the va~ve tube Iength can be obtained.
A research on the veIocity of pressure waves and the time lags in an injection system
between the instant the timing valve is lifted and the appearance of the spray from the injection
valve has been completed, The factors investigated included the injection valve tube length
and diameter, initial fuel pressure in the tube, injection pressure, and injection valve opening
pressure. The effects of these factors on the lag of operation of the timing and injection valves
and on the velocity of pressure -waves in the systems have been investigated. lt was found
that the timing valve Iag could be largely accounted for by the time required to release the
timing valve stem from compression by the spring. The injection vaIve opening pre%ure had
.
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the greatest effect on the injection valve Iag, an increase in the opening pressure from 2,000 to
6,000 pounds per square inch causing the time lag of 0.0003 second for a 46-iuch valve tube to
increase 300 per cent. The velocity of the pressure wares was approximately that of a sound
wave, but varied slightly with the initial tube prewme and the injection pressure. The injec-
tion vaI-re tube length had the greatest effect on the wave velocity. Other results which can
not be readiIy summarized here ha-re been obtained.
Analyses of the experimental data obtained during the previous year ha-re been completed.
Reports have been prepared on the factors affeeting the exact reproducibility of penetration
and the cut-off of oiI sprays, and on the factors in the design of centrifugal type injection valves
for oil engines.
Analyses of experimental data have been compIeted for the investigatiort of the effects of
fuel spray and spray-chamber gas densities and viscosities on the characteristics off uel sprays.
A logarithmic reIation was found to exist between the chamber gas density and the spray -rohune
at time intervals of from 0.002 to 0-004 second after fihe appearance of tie sPraYs- ~ approxi-
mate appIic.ation of the penetration data to the conditiom of v=tig presswe and density ~
an engine during injection of the spray was made.
A complete description of the spray-photography apparatus in its present form has been
published, together with representative spray photographs and curves. The effect on spray
characteristics of injection pressure, chamber gas density, f ueI-oil speeific gravity, and of two
factors in the design of a centrifugal type injection valve are given.
Both experimental investigations and mathematical analyses of the operation of the spray
photography timing vaIve ha~e been made. The effeet of spring tension and of length of injec-
tion-valve tube on the time-lift diagram of the vaIve stem have been investigated and compared
with the cam contour. The rates of fuel-pressure rise at the timing valve and in the inj :ction
valve tube have been computed and found to compare satisfact.oriIy with the actual test resuIts.
The timing valve has been used as a positively operated injection valve, and records have been
taken of the opening and closing of the valve.
A research has been undertaken to determine the effects of the weight of the moving parts,
amount of movement, amount and type of operattig forces, and the type of injection nozzIe, on
the lag of injection of the -ralve and on the characteristics of the fuel sprays. Injection -mdves
already available will be used, and new valves designed to permit a comprehensive investigation
of the above variabIes.
The design of various devices to be added to the present spray-photography apparatus has
been undertaken in order to permit the study of the characteristics of combustion of atomized
fuels for oil engtiw. NTOreliable data couId be found from which the amount of heat which
will be lost to the -water jackets of the spray combustion chamber during the air heating and
combustion periods could be computed. These data have been determined experimentally
with a water-cooIed cylinder in which the air was heated electrically. Heat transfer coefficients
for this apparatus have been determined for a range of air temperatures up to 700° F., and for
air pressures up to 50 pounds per square inch. The laws controlling the beat transfer for the
conditions of these tests have been used for computing the size and capacity of the heating
apparatus for the new spray combustion chamber.
The work to date indicates that hhe new apparatus will consist of a water-cooIed chamber
with fused quartz windows, a separate heating chamber, and apparatus for producing turbu-
lence during injection of the fuel sprays. It will be possible to simulate the actual conditions
of temperature, pressure, combustion-chamber shape, and turbulence in an ena+e. AnaIyses
and computations for the various apparatus for this work are reaching a point where actusd
d~gn can be ~tart.ed.
SUPERCHARGER ~ETELOPXEXT.—~UPe~C~aT9eT analysis.—h ~Vf35@@On k now being
made to determine the fundamental and practical requirements to be met by aircraft enbtie
superchargers in military and commercial service. The adaptability and performance char-
acteristics of all types of compressors are being studied to determine to what degree each meets
the requirements of an ideal supercharger. It is believed that this ardysis will lead to the
proper selection and further development of the best compressor for each service.
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310dijicatioms to the Root~ type supercharger.—.t! mathematical and analytical investigation
is being made to determine the possibility of improving the performance characteristics of
Roots type superchargers by means of a suitable type discharge valve. This valve will mate-
rially reduce the inherent- disadvantages of a Roots blower, namely, the pulsating air flow, the
lower volumetric eficiency at khe higher c.riticaI altitudes, and t}{e return flow of air which
requires its redelivery. The latter disadvantage results in an inefficient increase in the car-
buretor air temperature and in the power required. Both oscillating and rotating valves have
been studied. These valves will be synchronized with the impellers so that they close aftm
each charge of air is delivered and do not open until the next charge is compressed and ready
to be delivered.
Some difficulty has been experienced in maintaining the most-efficient and best mechanical
impeller clearances on the Roots type supercharger because of the expansion of the impellers
at the high temperatures that accompany the pressure ratios obtained at h@l critical alti~udes.
Increasing the clearances sufficiently to eliminate the possibility of scoring the impellers at
these high temperatures results in a decrease in the_yolumetric eiliciency which necessitate es a
corresponding increase in impeller speed to maintain the same air delivery. A set of steel
impellers is being constructed to replace the present magnesium alloy irnpellers now used.
The steel impellers wilI have a weight equal to or less than the magnesium impellers} and
because of their lower coefficient of expansion will nob expand as much as the aluminum case.
This will permit the use of smaller clearances at assembly without danger of scori~g the
impellers or the case at the higher temperatures.
Some difficulty has also been experienced with impeller end clearances because of the axial
shift of the impellers caused by initial looseness and slight wear of the balls and races in the
impeller-locating bearings. Precision-type ball bearings with much less looseness between the
races have been obtained to eliminate this axial shift. The wear will be reduced by filtering
out the carbon and foreign matter from the lubricating oil.
These several changes wiIl permit the use of smaller impeller c.learances with safct,y, and
will result in increased supercharger eff~c.iency and in net engine performance and power.
~~ect ~f supercharger capacity on airplane performance, —This research was undertaken to
determine the effect of various amounts of supercharging on the performance characteristics of
an airplane. The investigation will be carried out on a modified DH--4 airplane wiib a steel
fuselage. This airplane is now being partialIy rebuilt for this research. To obtain different
degrees of supercharging the speed of the same supercharger will be varied by driving it at
1.615, 1.957, 2.4, and 3 times engine speed. These supercharger speeds will give critical alti-
tudes of approximately 12,000, 16,000, 21,000, and 28,000 feet, respectively. The changes in
power with altitude of a supercharged and unsu~ercharged engine, the effect of supercharging
on volumetric efficiency, and the fuel consumption of a supercharged engine in flight will be
determined in this research.
Problems incidental to supercharging,—The determination of engine power in flight has been
attempted by several methods. The results obtained differ considerably, depending on the
method used. The use of calibrated propellers is probably the most satisfactory method that
has yet been tried, but this method may introduce errors as high as 10 per cent. These errors
may be caused by bending and twisting of the propeller, which vary with changes in altitude;
warping, which is caused by weathering or aging, and errors in correcting’ the power of a cali-
brated engine for changes in temperature and pressure. A Bendemann hub dynamometer has
been used for determintig engine power in flight and in calibrating two propellers in flight. The
resuIts obtained with the hub dynamometer were more satisfactory than the results which have
been obtained wibh any other method used. Work is now in progress to determine the most
suitable type hub dynamometer as a means of accurately measuring power in flight. The
requirements to be met by a hub dynamometer have been formulated. A number of types
have been studied to determine to what degree each meets these requirements. From several
mechanical, hydrauIic, and electrical methods considered, one mechanical and one hydrauIic
have been selected for further analysis.
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‘The need for the determination of the effect of fuel corisumption on engine performance in
flight has Ied to the development of an experimental Venturi type fuel flow meter. This flow
meter has been used on several ffights with satisfactory resul~s. A more serviceable flow meter
embodying the same principles is now being desi~ed.
Completed in.ce&igations. —Four investigations have been compIeted from last year. Three
of these investigations were cm problems directly pertaining to supercharging and the other on
a problem incidental to supercharging.
The first investigation dealt with preliminary flight testing of the X. A. C. A. Roots type
~ircraft ergtie supercharger. The results show that. the Roots type supercharger is inherently
adaptable to commercial airplanes and to a number of military and nawd airplanes, because of
its 10F weight, mechanical simplicity, high efficiency, and low power requirements at moderate
altitudes. Supercharging increased the ceiling, improved the climbing performance, and
increased khe air speed so that for a Iarge range of altitudes it was higher than the norma~ sea-
Ievel maximum. The enatie showed no detriment effects which could be attributed to super-
charging. This material has been prepared for publication.
The second investigation was conducted on ~ V?right E-4 and a L1bert.y–12 engine. The
resuIts obtained show the effect of high inlet air temperatures on power. In these tests the
carburetor air t.emperatue was varied fro-m 45° to 180° F., and the speed from 1,400 to 1,800
revolutions per minute. Two fuels were used, domestic aviation gasoline and a mixture of 30
per cent benzoI and 70 per cent gasoLine. The blended fueI gave 5 to 6 per cent more power at
the speeds giving maximum volumetric efficiency than did the domestic aviation gasoline. For
a bIended fuel the relation between temperature and power is linear. The indicated power
decreases at a much faster rate with increase in temperate than that given by the square-
root relation. For small =cariations in temperature, as occur for changes from one season to
mother, the square-root reIat.ion is suf6cient,Iy accurate, buti where the change of temperature
is very Iarge and greater accuracy is desired, the temperat We correction to be appIied shouId be
determined by testing the engine. The results of these tests have been prepared for publication.
The third investigation completed was on the compmati-re laboratory performance of
three sizes of Roots superchargers. Compared OR the basis of air delivered, the performance
characteristics are similar ~~cept for the smaller superchargers, for which the power require-
ments are higher because the power required increases more rapidly than the speed. The dif-
ference between the actual and the theoretical power required to deliver the air in quantities
and at pressures encountered in the range of ordinary supercharged flight miries with the speed
raised to the 2.5 power. The ratio of discharge air temperature TZ to the inlet air temperature
Tl depends upon the speed and may be evaIuated by raising the ratio of the discharge pressure
P? to the inlet pressure Pj ko the n-1 divided by n power, and multiplying this resulti by a con-
stant C. The value of n in this relationship increases from 1.36 for an irnpeller Iength of 4 inches
to 1.53 for an impeller length of 11 inches. The value of 0 -raries from 1 a~ zero speed to 1.05
at 6,500 revolutions per minute. The results of these tests have been prepared for publication, .
The fourth investigation compIeted incIudes the tests on a TS and a U-O–l airplane equipped
with an air-cooled engine and an NT.A- C. A. Roots type supercharger. In these tests the abso-
Iute ceiIing of the UO-I w-as increased from 19,400 to 32,OOOfeet by superchargin~, and the time
of climb to 16,000 feet was reduced 50 per cent. The average cylinder-head temperature
obtained on sewd unsupercharged and supercharged flights was 325” and 470° F., respec-
tively. The engine shorred no detrimental effect that couId be attributed to supercharging.
ENGINE .b~LmIs.-Fuez vapor pre&sure.—The performance of a high-speed ofl enti@ne is
largeIy dependent upon the rate of vaporization of the fueI charge within the combustion cham-
ber. The vapor pressure of fuels has been faidy welI established up to approximately 300° C.
but for temperatures greater fihan this the avaiIable data are incomplete. An investigation was
therefore undertaker to determine the vapor pressures and temperatures of se~eral fuels up to
their autoigqition temperatures. From the results of this investigation, the temperatures
required to force rapid vaporization of these fuels in an engine cylinder could be determined.
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The vapor pressures and temperatures of six fuels, various mixtures of these fuels, a lubri-
cating oil, and water were determined up to 900° F. and 5,000 pounds per square inch pressure.
A considerable amount of test data has been taken which indicates the stability and instability
of the Iiquids tested. The test data are being analyzed and corrected for change in volume of
the apparatus due to the high fuel vapor pressures and temperatures md to the diminishing
quantity of the liquid fuel in the bomb of the test apparatus. The final results will be incor-
porated in a report for publication,
Analysis of cycle e~ciency.—The performance of high-speed oil engines for aircraft is depend-
ent upon the overalI efficiency (which include cycIe, combustion, volumetric, mechanical, and
cooling efficiencies], maximum cylinder pressure, and the maximum overhaul period. Aircraft
engine performance shouId be such that maximum Tower per pound engine weight, minimum
fuel consumption per horsepower per hour, and maximum reliability are obtained.
The engine cycle that shodd be used in high-speed oil engines for aircraft is the dual cycle,
a combination of constant volume and constant pressure combustion. Such a cycIe would ,
decrease the weight per horsepower and increase the reliability for the same power output
obtained with the Otto cycle. Since it is important to compare various engines as to the
efi.cien.cy with which the fuel is burnt and so compare. engine designs, it is necessry to know the
cycIe efficiencies at which they operate.
A theo~etical in~estigation is being made on the effects of compression pressure, air available
for combustion, teniperature of the induced air, temperature and pressure of the residual axhaust
gases, explosion pressure, and point of cut-off on tbe efficiency of the dual cycle. This work
involves calculations for the pressures and temperatures at d] points on the indica~or card,
and these in turn require the use of the specific heats of gases for constant pressure and volume
up to the highest temperatures of combustion, the Joule-Thomson effect, volumetric efficiencies
versus compression ratio, chemical composition and weight of the working mixture at all points
of the cycle, quantity of fuel required for various points of cut-off, and other factors. The
completed results of this work will enabIe the rapid determination of the cycle and combustion
efficiencies of an engine when the usual test data ar~ known.
Calculations have been made to determine the effects of high residuaI exlmustgas tempera-
ture on the pressures and temperatures throughout the cycle for a compression ratio of II. The
results show that an increase of 3000 l?. in the temperature of the residual exhaust gases increased
the temperatures and pressures throughout the cycle only slightly. The maximum increase in
temperature obtained at the end of the suction stroke was 4° F. The pressure increase was
0.05 pounds per square inch.
Experiment and theoretical analyses have shown. that the specific heat of gases varies with
the temperature and pressure, especially with the temperature. It is therefore of importance
in calculating the amount of work done on the compression and expansion stroke of an oil engine
that the exponent for adiabatic changes of state in the fundamental equation for compression
and expansion shouId be accurate for the temperature involved.
Calculations of pressures and temperatures haye been made at severaI points on a comp-
ression curve, first by using a constant va~ue for the exponent, and second by using a varying
value for the exponent for adiabatic changes of state to determine the extentof error i~vo]ved
by using the constant vaIue. The results show that the negative work done by using a constant
exponent in the calculations was Iess than that obtained by using a varying exponent, al~hough
the difference was smaII, The greatest variation in pressure was of the order of 0.5 per cent.
This result was expected on account of the smalI variation of the exponenb with temperature
for the compression stroke. Since the value of the specific heat of gases increases with tempera-
ture it- is expected that-on the expansion stroke the result of simiIar calculations will show an
appreciable error is the work done, because of the higher temperatures involved.
A method of calculating the theoretical cycle efficiency of an oil engine has been practically
completed. The data required for this work are the compression ratio, volumetric efficiency
under power, temperature of the inlet air, temperature and pressure of the residual exhaust
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gases, maximum cylinder pressure, and bore and stroke of the en=gine. The completion of this
work wiII gi-re a method for calculating the theoretics cycle and combustion efficiencies of an
oil engine.
An investigation of the specific heats of the gases of combustion for temperatures up to
300C1°C. is in progress. It was found by evaluating and plotting a large number of empirical
formula developed by various investigators that there -was a wide discrepancy in the results.
The investigation has shown that the specific heats of the gases of combustion maybe obtained
by three methods—by considering the theoretical heat content of the molecule due to its transla-
tional, vibrational, and rotational energy, and by experimental. methods involving the stmdy of
the velocity of sound and e.xpIosion. An attempt is being made to correlate the theoretical and
experimental data for use in enatie calculations.
G?bomium-plated pistons.-Four Liberty pistons have been chromium-plated and tested to
determine the wearing quality of chromium pIating under both motoring and power conditions.
The chromium pIating on the crowns of the four pistons tested showed no material change,
which indicates that temperature alone probably has little effect on tthe chromium plating.
The excessive wear of the chromium plating on the piston skirt when under power in comparison
to that when being motored, indicated that the failures of the chromium plating were apparently
caused by the formation, growth, and breakage of blistem due to the Iack of bond between the
aluminum and chromium, and to the combination of rubbing and light and medium piston sIap.
BUREAU OF STANDARDS
Superchargi~ of aircraft engines.—Tests have been made in the aItitude Iaboratmry of a
Curtis D–12 en.tie equipped with a gear-driven centrifugal supercharger, instalIed between the
carburetor and the intake manifold. This supercharger is designed for Iow-altitude work and
for an engine speed of 2,ooO revolutions per minute: its criticaI altitude is about 7,5oo feet. Two
types of manifold were used and about 5 per cent more power was obtained ~t all altitudes with
one type of manifold than with the other. Up to the rated aItitude, the power output with this
supercharger and with the manifolds giving best distribution was from 5 to 10 per cent less than
that obtained with the same engine under ideal supercharging conditions (i. e., with no power
required to drive the supercharger). These tests were requested by the Army Air Corps and
covered conditions corresponding t.o altitudes from sea Ievel to 25,000 feet.
Phenomena of corn&wsfion.-The study of the gaseous explosive reaction by means of the
constant-pressure bomb (soap bubble) has been continued and the thermodynamic as weII as
the kinetic possibilities of this method have been pointed out in several journal articles. That
reaction veIocity is proportional to the moIecuIar concentration of the reacting gases has been
verified for known mixtures of (1) carbon monoxide and methane with oxygen, and (2) carbon
monoxide and hydrogen with o-xygen. The effecti of inert gases (nitrogen, helium, or carbon
dioxide) on the carbon monoxide-oxygen reaction and on the methane-oxygen reaction has also
been studied. A report to be published by the National Advisory CommiLtee for Aeronautics
shows that the effect of an inert gas on the reaction rate may be accounted for by an additive
term, directly proportional to the concentration of the inert gas. The proportionality con-
stants for different inert gases evidently depend on their thermal properties.
Combustion in an ezgine cylinder.—This project is concerned with obtaining information of
a fundamental nature on the factors which influence combustion in actual engine cylinders.
During the past year the effect of combustion time on engine performance has been analyzed on
the basis of certain simplifying assumptions and the results compared with deductions from
actual indicator cards. Technical Report Flo. 276 presents this discussion.
Automatic aZtitude control.—Runs were made with the Curtiss D–12 enatie in the altitude
laboratory to determine the proper opening of the e~rburetor control -ra.lve for various aItitudes
up to 25,000 feet. An automatic valve desiamed from the data thus ob t.ained gfive a constant
fuel-air ratio from 5,000 to at least 20,000 feet. This work was done for the Army Air Corps.
9i297-2~
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Ak the request of the ~avy, work has been started cm.the design of. an automatic carburetor
aItitude-controI device for the same ergine, utilizing the multip~ied pressure pump described in
,.
Technical l?ote No. 108 of the National Advisory C?omrnittee for Aeronautics.
Gawous-fuel carburetor. —At’ the request of the _Na~,- an exper&&it!il-&& %@uretor was
designed and data hav-e bee~ obtained on the relative performance $ a ~~”~ en “n; at various
F
speeds and loads on aviation gasoline, on city illu@nating gas, &lii$:ofi ‘in.$xiti.i #1’bf the two.
The results obtained will probably be used in the d~velopment o! ~i’ gks’tik~wor for @ual
flight iest on an airship, engine. c The object in vie+ is~tthe possi~ty of bki~ksing the cruising
range of lighter-than-air craft by the employmtiri; &’ti-tituralr ‘~~;; 8; ll@minat@ gas as an
auxiliary fuel. ,.6,: :.: (f; ,,, .. k,-. ,.
Fuels for Mgii-compression engines. —The testing ~bf fuiils zmd fuel dopes in the single-
cylinder Liberty engine has been continued. N&k “of “the fuel dopes submitted was found to
affect power, economy, or antiknock value- appreciably. VU& cracking and increased vola-
tility both tend to raise the antiknock value of gasolines made from a given crude oil, the
improvement due to crticking’ is often much less than the difference between straight-run
gasolines from different crudes.
At the request of the Navy, work has been doneon the development of a simp~e laboratory
device for comparing the antiknock characteristics of aviation gasoIine. An experimental
bomb was built which had approximately the internal dimensions of the combustion chamber
in a Liberty engine cylinder. This bomb gave avemge results which appeared to rate severaI
fuels in the same order as does the routine engine test of the Bureau of Standards. l+fowever,
successive observations with a given fuel under apparently ident.icaI conditions often showed
considerable variation and a second bomb, having the same volume but different dimensions,
is to be compared with the first bomb as regards reproducibility of results. Since the bomb
test is rapid and requires ordy a small sample of fuel it has obvious advantages, provided that
it can be shown to give consist erk results which are uniformly in accord with the FJerformanco
of fuels in aviation engines.
Lubrication under &arting conditions. —Nfeasurements of the rate of flow of about 35 com-
mercial lubricating oils through the oil passages of a Wright J–4 engine, mounted in a cold cham-
ber and slowly motored over, have been completed. These and other experiments on the flow
of aircraft-engine oils at low temperatures form the basis of an extensive report now in p~epara-
tion, The first conclusion of this work is that neither the pour point of an oil nor its viscosity
at 210° F. is sufficient to determine its performance in the engine at temperatures below the
ice poirit.
Starfing of in fernal-comlvwtion engines.—The analysis of Laboratory data on fueI volatility
and engifie starting tests has made it possible to specify the fuel requirements for engine start-
ing in terms of the usual A. S. T. M. distillation curve. It was also shown by bomb experi-
ments with known mixtures of gasoIine vapor and air that cracked gasoh.ues do not differ in
starting ability from straight-run gasolines of like distillation characteristics.
NEW ENGIh’E TYPES
The most striking developments of the year have been the advances made in air-cookd
engines. These have included improvements in performance, increases in reliability, and
reductions in the cost of maintenance. During the year no radical developments in the form of
unconventional types of engines have appeared, with the exception of the Fairchild ‘‘ Caminez”
engine, which is no-w on the market.
The Fairchild “ Caminez” engine is a 4-cylinder radial air-cooled engine} using a cam-type
drive in place of the convention crank shaft. The engine is the result of a number of years
of intensive development, first by the engineering division of the Army Air Corps and later
by the Fairchild Co. This engine is rated at 135 horsepower at 1,050 revolutions per minuke
and weighs approximately 340 pounds without starter and propeIler hub.
Both the Bureau of Aeronautics and the Army Air Corps have assisted in the further
development of air-cooIed engines. The Army Air Corps is particularly interested in the
*
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development of the- C?urt& “Hex” engine, which is a 600-horsepower radial
having t~o banks of cylinders. This particular arrangement is the result of au
the overaIl diameter ~ud to eliminate the co~te~eight On the cra~ shaft.
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air-cooled ergi.ne
efforb to decrease
The Army Air C&&s has continued the development of the inverted air-cooIed Liberty
engine. The experimm:aI engines of this type, built by the Allison En=@eering CO. under
the supervision of the Air CorpS, have completed their tests and a number have been procured
by the Air Corps for service use.
As an outgrowth of the air-cooled Liberty engine tihe Air Corps is sponsoring the develop-
ment by the Wright CO. of a 12-cylincier air-cooled “V}’ engine of &pproximateIy 600 horse-
power. The Air Corps is ako sponsoring the de~elopmenb of a 2&cylinder “~” type engine
which is being constructed by &he Allison Enatieering Co. This engine is expected to de-velop
approximately 1,400 horsepo~er.
AbcooZed engines.—There are now available service-type air-cooled engines which can be
substituted for the water-cooled aircraft engines of corresponding power, with the exception
of the Packard 800-horsepower engine.
The air-cooled engines that have been deveIoped are of two general types, the radial and
the “V” type. Of the radial types the most prominent is the 9-cyIinder Wright “TVhirlwind”
model J–5 engine. This engine is a further development of the J4 type. - It has a greatly
improved cylinder construction and has fully inclosed valve gear. It also is equipped with a
new “Eclipse” concentric impulse starter. The engine is in extensive use in military and
commercial serviGes.
The lVright “Cyclone” R–1750 type is a larger 9-cylinder radiaI air-cooled engine which
has been fright-tested by the Xavy Department and is still undergoing service tests. This
engine is rated at 525 horsepower at 1,900 revolutions per minute.
The Pratt & TVhitney “Wasp” 9-cyIinder radial engine rated at 410 horsepower ati 1,900
revolutions per minute has passed its service tests and is now in production. This engine is
now considered standard equipment on a number of ~ avy service-type airplanes and has gi~en
a most satisfactory performance.
The PraiL & T7hi.tney “Hornet,” a 9-cyJinder radial air-cooled engine, having a displace-
ment of 1,690 cubic inches, is expected to develop 500 horsepower at 1,800 revohtions per
minute. This engine was designed for use in heavy-duty types of aircrafti and is now in the
experiment al development stage.
Water-cooZed engines.—Continued de-relopment, as a result of service use, has been made
on the Curtiss V-1550 engine, which is a further development of the Curtiss V-1400 and the
very successful Curtiss D–12 engines. This development has been sponsored by the Army
Air Corps. The new engine will develop 600 brake horsepower at 2,400 revolutions per minute
and is availabIe in both direct-drive and geared types. The weight of the direct-drive type
is approximately 740 pounds. This engine has compIeted the experimental development stage
and is now being given service tests.
The Packard lA–1500 enatie is being further deveIoped as a remdt of experimental and
service tests by the Army Air Corps. A new tvype, the 2A–1500, has succesefnLIy passed the
experimental stage at a rating of 600 horsepower at 2,500 revolu~ions per minute. The 2A-1500
engine is made in the inverted direct-drive type and in the upright geared type. The large
Packard 2500 engine has been further dev~oped, and the latest type, the 3A–~500, is e~ec~d
to develop 1,000 horsepower at 2,300 revolutions pei minute. This engine has also been spe-
cially designed for use with superchargers.
&uperc?iargem.-Supercbargers have now passed fro; the experimental development stage
ta service use. The Roots type and the centrifugal type superchmgers have been adapted
successffly to the radial air-cooled engine, and superchargers of both types are in experimental
development on the water-cooled types of engines in service-
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REPORT OF COMMITTEE ON MATERIALS FOR AIRCRAFT
ORGANIZATION
The present-organization of th~ Committee on Materials for Aircraft is as foIIows:
Dr. George K. Burgess, Bin-eau of Standards, chairman.
H. L. Whittemore, Bureau of Standards, vice chairman and acting secretmy.
Lleut. R, S. Barnaby, United States Navy.
S. K. Colby, American Magnesium Corporation.
Henry A. Gardner, Institute of Paint-and Varnish Research.
Dr. II. W. Gillett, Bureau of Standards.
Prof. George B. Haven, Massachusetts Institute of Technology.
Zay Jeffries, Aluminum Co. of America.
J. B. Johnson, mat6riel division, Army .4ir Corps, Wright Field.
George W. Lewis, National Advisory Committee for Aeronautics (ex-officio member).
Capt. H. C. Richardson, United States Navy.
G. W. Trayer, Forest Products Laboratory, Forest Service.
Starr Truscott, National Advisory Committee for Aeronautics.
Hon. Edward P. Warner, Assistant-Secretary of the Navy for Aeronautics.
FUNCTIONS
Following is a statement of the functions of the committee on materials for aircraft:
1. To aid in determining the problems relating to materials for aircraft to be solved experi-
mentally by governmental and private agencies.
2. To endeavor to coordinate, by counsel and suggestion, the research and experimental
work involved in the investigation of such probIems.
3. To act-as a medium for the interchange of information regarding investigation of mate-
riaIs for aircraft in progress or proposed.
4-To direct and conduct research and experiment-on materials for aircraft in such labora-
tory or laboratories, either in whole or in part, as may be placed under its direction.
5. To meet from time to time on call of the chairman and report its actions and
recommendations to the executive committee.
The committee on materials for aircraft, through its personnel acting as a medium for the
Interchange of information regarding investigations on materials for aircfraf t, is enabled to
keep in close touch with research in this field of aircraft development. Much of the research,
especially in the development of light alloys, must necwsariIy be conducted by the manufact urers
interested in the particular problems, and both the AIuminum Co. of America and the Americfin
Magnesium Corporation are represented on the committee. In order to cover effectively the
Iarge and varied field of research on materiaIs for aircraft, four subcommittees have been formed,
as follows:
Subcommittee on metals:
Dr. H. W. GiIlett, Bureau of Standards, chairman.
Zay Jeffries, A1uminum Co. of America.
J. B. Johnson, matiriel division, Army Air Corps, Wright Field.
George W, Lewis, National Advisory Committee for Aeronautics (ex officio member).
Starr Truscott, h’ational Advisory Committee for Aeronautics.
H. L. Whittemore, Bureau of Standards.
Subcommittee on woods and glues:
G. W. Trayer, Forest Products Laboratory, Forest Service, chairman.
H. S. Betts, Forest Service.
George W. Lewis (ex officio member),
H. L, Whittemore, Bureau of Standards.
Subcommittee on couerings, dopes, and protective coatings:
Henry A. Gardner, Institute of Paint and Varnish Research, chairman.
Dr. W. 131um, Bureau of Standards.
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Subcommittee on coverings, dopes, and proteciice coatings-continued.
Warren E. Em.ley, Bureau of Standards.
Prof. George B. Haven, Massae.husetts Institute of Technology.
Isadore M. Jacobsohn, Bureau of Standards.
George W. Lewis (ex officio member).
P. H. Walker, Bureau of Stmdards.
E. R. Weaver, Bureau of Standards.
Sulmmamittee on Aircrajt Structures:
Starr Truscot t, NationaI Advisory Committee for Aeronautics, chairman.
Charles Ward Hall, Hall-Aluminum Aircraft Corporation.
Lieut. Lloyd Harrison, United States Navy.
G. W. Lewis (ex officio member).
Charles J. McC?arthy, Chance Vought Corporation.
L. B. ‘l?uckerman, Bureau of Standards.
John E. Younger, mat&iel divkion, Army Air Corpsl Wright Field.
htost of the research in connection with the development of materials for aircraft is fianced
directly by the Bureau of Aeronautics of the ~avy Department, the mati%el division of the
Army Air C70rps, and the National Advisory Committee for -Aeronautics.
The Bureau of Aeronautics and the mat&iel division of the Air Corps, in connection with
the operafiion of tests in their own Iakioratm%sj apportion and finance research problems on
materials for aircraft to the Bureau of Standards, the Forest Products Laboratory, and the
the industrial research laboratories.
MEE’ITNGS OF THE COMMITTEE
As in past years the committee held several ~eetings during the year. The corrosion
of the Iight alloys continues to be one of the subjects of great interest and has received much .
attention at e&ch meeting. At the meeting which followed the second general aircraft con-
ference at the Langley Memorial Aeronautical Laboratory klr. E. H. D& of the Aluminum
Co. of America read a paper describing a new corrosion-resisting light alloy product of that
company called ~‘AlcIad .” This material consists of a sheet of aluminum alloy having a layer
of very pure aluminum on each side. It appears to have remarkable resistance to corrosion. ,
This paper has been issued by the committee as a technical note.
SUBCOM%~TTEE ON 3fETALS
Intercrystalline embriftlerfient of duralum<n.-The subcommittee on metals has continued
its experimental work on the study of the causes and pre~ention of intercrystalke embrittle-
ment of duralumin. Corrosive attack starting at the surface and penetrating between the
tryst aIs may notably embritkIe duralumin without ~he surface showing evidence of the extent
of the attack below the surface. This embrittlement has been met in service to an extent
sufficient to limit materially the application of duralumin in construction of aircraft for which
long life is necessary, and has made it imperative that ihe deterioration be prevented.
During the period within which the problem has been studied sufikient advances have
been made so that it is no longer a question whether or not the attack can be prevented, but
it is instead merely a question of which one of several effective methods should be chosen in a
particular case.
The Iaboratmy methods of accelerated-corrosion testing chosen to indicate the propensity
of the alIoy toward intercyrstalline embrittlement ha~e so f ar shown good agreement with
exposure tests.
The behavior of nonmetallic protective coatings is noi so readily determined by Laboratory
tests and final choice among such coaiings must await the completion of exposure tests.
The chief effective precaution, other than the use of some protective coating, is to quench
the duraIumin rapidIy rather than slowly; that is, in cold water rather than in hot water or oiI,
since the former procedure gi-res material much less susceptible to embrittlement than the latter.
46 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
Age-hardening at room temperature rather than accelerated aging at elevated temperature also
favors resistance to intercrystalline attack. These heat-treatment factors have much more to
do with corrosion resistance than do any variations in chemical composition Iikely to bO met
commercially.
While duaIumin suitably heat-treated is improved in corrosion resistance, embrit tJing
corrosion is not thereby whoIIy .wo?ded. Hence p~otection of the surface is ako required.
It was stated in last year’s report that protection of duralumin by a surface coating of pure
aluminum was one of the surest methods. Further experiment and the resuIts of exposure teshs
corroborate this, and justify the present conclusion that it is the most effective method yet
available. The Iead offered .by the previous investigations of the subcommittee upon aluminum-
coated duralumin has been followed by an American producer of duralumin, and durahmin sheet
with an integral coating of aluminum on each side is now commercially available, so that this
expedient is not one of mereIy academic interest, but is ready for application in pracfiice.
While the strength of the commercial aluminum-coated durdumin is not quite as high as that
of pIain duralumin, the initial strength and ductility will be retained with Iittle loss so that after
a period of service the initially weaker material wilI be the stronger.
The aluminum-coating process has not yet been commercially applied to tubing so that
other methods of protection still need considera~ion. It is also advisable to make assurance
doubIy sure by using a nonmetallic protective coating o~er the aluminum surface since the
tduminum coating, while not subject to the intercrystalline type of attack, is, like all other
aluminum and aluminum alIoys, subject to the less dangerous type of general corrosion whose
advance is visible on the surface.
~onmetallic protective coatings of the aluminized-varnish or bi~umastic type, which have
heretofore been largely used as protecting coatings, cling well on a mat surface, and poorly on a
smooth metaI surface. Hence where these, coatings are to be used preliminary anodic treatment
in chromic acid to produce the “ anodic coating” or a chemical treatmmt producing a similar
surlace is advisable. The anodic coating in itself offers some protection but not enough to be
a real solution. As a base for adheren’t-coatings it is, however, of distinct-vaIue.
Tbe chief trouble with coatings of the varnish type is their tendency to becoine brittle
and to check and crack off. l’legibility’ of the coating is a very real advantage. Since any com-
pletely moisture-repellant coating which will “stay put” will defeat corrosion, covering the
anodic coating with oil or lanolin gives very effective protection as long as the oil film remains
Oiled anodic coatings are finding much use here and abroad. They do not add as much weighfi
as coatinhw of the varnish hype and if the oil ti is kept intact by periodic renewal offer much
improved protection compared with a bare surface. Such coatings have some tendency to
collect dirt, which may be decreased by the use of faM.y thick coatings dusted with aluminum
powder. A drawback to the oil coating is that visufl inspection does not readiIy show whether
the film is intact or not, so that recoikg on a definite schedule should be resorted to.
A recent development in the line .of a flexible, water-repeIlant coating applicable to dural-
umin is a rubber cement which will stick tenaciously to metal and hence maybe applied without
previous anodic coating. The bare rubber cement breaks down rapidly in the atmospbcre and
by itself offers little real promise. Mixture of aluminum powder with the cement, or meroly
dusting aluminum powder on the tacky surface and brushing it down, raises the resistance of the
cement to atmospheric influences almost immeasurably. While exposure tests of such a coating
on duralumin have not yet progressed far enough to warrant final conclusions, the aIwninizcd
rubber coating deserves extended trial. It even offers promise for the protection of magnesium, a
matter to which the subcommittee has given considerable attention and on which it can report
continued activity and interest by-producers of magnesium,
The foregoing shows that not only may duralumin itself be improved in corrosion resistance
by suitable heat treatment, but that a variety of effective protective coatings are available
which are applicable to most aircraft parts. Pontoons and tubing (especially the protection
of the interior of tubing) still ‘offer problems. It would appear that aluminized rubber coatings
deserve trfal on pontoons. Pending the availability of aluminum-coated duralmnin tubing,
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at tentfon is being paid by the subcommittee, together with the subcommittee on aircrafk struc-
tures, to high-chromium and other corrosion-resistanfi steel tubk~. The fabrication and wekling
of such tubing appears feasible and may be expected to be better understood in the near future.
More adm.nce has been made on the engineering angles of the prot@ion of duralumin than
on the clearing up of the mechanism by which embrittlement takes place, though unremitting
efiort has been put on the study of the cause of embrittleme~t. MeteJ.lographic and X-ray
methods are being applied. The phenomenon of asterism, shown by “pin-hole” X-ray photo-
graphs of embrittled durahmin is being studied, but so far it appears that, while &Wism usually
accompanies embrittiement, intercrysta.1.line attack cm occur without asterism. Definite
location of &he cause of asterism mtiy help in ,dek@ning the c~~e of e~brittlement.
There is some reason to behev-e that durah@n ~~der.t~e stresses, of ser<ce is more subject
to embrittiement than in unstressed erposure. ..~n,?~count of Jhe impck%ance of appraising the
validity of exposure tests, experiments are under.tmiy to sttidy’ the” effect of both” static and
repeated stresses upon the progress of intercrys@.l#ne c@-@icm. Apparatus for thi~ has been
designed and constructed and the experiments ~~ u&r tiay. ,.:
The exposure tests which will tend to verfiy & disprove the’ ‘tentative conclusions “given
above as expre@g the facts as far as they are at preseni known to the subcommittee are being
continued, some. 1,70,0 specimens being under exposure testl their properties being determined at
appropriate bt+i.vals.
Eigli-speed fatigue testing.—Continued -work with the high-speed faiigue-testing machines
has shown that the discrepancy between the resuIts from the high-speed machines and the
previously used crati-dri-ren machines is not accounted for by incipient corrosion of the speci-
men. Check tests run in the old machiues duplicated the previous resuks.
The major problem to be solved is the determination of the cause of this discrepancy.
It may be due to ad-rentitious stresses caused by the type of support, although the theoreticid
investigations made seem t? preclude this. It seems more probable that it is due to an actual
change of fatigue properties with the frequency of application of the Ioad. With this question
still unsettled it his “not seemed desirable to start tests on maamesium and steeI specimens as
it is ultimately intended to do. :
The investigation has been continued on the following lines:
(a) The method of supporting the specimen in the present air-driven machines has been
changed from E pivot support to an air-jet support, thus freeing the specimen wholly from any
possible longit@ina.I r&raint., due to the pivots, which might introduce adventitious stresses.
The machines with the new type of support are running smoothIy but have not been in operation
long enough to give definite resuIts.
@) Preliminary experiments and computations have been made on an electrically-driven
machine with Ioaded specimens in order to cIose the gap in frequencies (200 per second to 20
per second) between the two types of machines. Ko conclusive results have as yet been obtained.
SUBCOMMITTEE ON WOODS AIWI GLUES
The I?orest Products Laboratory of the Department of Agriculture conducts practically all
the investigations on the application of woods and glues to aircraft construction. These
investigations are undertaken at the request of the Bureau of Aeronautics of the Navy Depart-
ment, the mat6rieI division of the Army Air Corps, or the NTatiotial Advisory Commit&ee for
Aeronautics. Some of the more important imwstigations completed during the past year or
now in progress are outlined below.
The lateral buckling and tukiing of deep bemms.—The Bureau of Aeronautics, Navy Deparb
menfi, realized that it would be highly desirable to know the maximum load which could be
carried by a wing beam under any condition of loading and fixity. Accord.@y there has been
carried on for some years a series of studies on the strengbhs of beams for the purpose of giving
~ormation to the designer. These have included researches into the behsvior of continuous
beams and into the design of detailed parts of various types of beams.
——
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According to the commonIy appIied beam formul= the strength of a beam increases more
rapidly with depth than with thickness. Hence in aircraft, where weight is such an important
item, designers usually use comparatively deep and narrow wing beams. The ratio of depth to
breadth has usually been kept within certain arbitrary or conventional limits, since ifi is well
known that a beam much deeper than wide may buckle laterally and twist before it will break
by bending in a vertical plane. As a matter of fact there is for each condition of loading and
support of a. beam a critical buckling load just as there is a critical Euler load for a column.
Under small loads a beam behaves according to the action assumed in the beam formula, but
when the critical load is reached it buckles sideways, twists, and fails. Beyond the elastic
limit, owing to a reduced modulus of elasticity, this twisting and buckling would cause a reduc-
tion in the ultimate load of practically all airplane wing beams of conventional size unless they
were supported againsb it. When two wing beams are tied together with ribs lateral buckling
may or may not be prevented. If the ribs are efficiently designed for their own loads alone they
will have no reserve resistance for the, extra load which any tendency of the beam to buckle
would produce. On the other hand, if they are just a little stronger than necessary they may
help to hold a quite deep beam in line until its maximum load is reached.
A study of this phenomenon was undertaken, using wood, which seemed to offer the best
possibilities as test rnaterid because of the ease with which it could be worked into diflerent
shapes. So far as is known, very little experimental work had previously been done, although
the problem of lateral stability had been investigated mathematically and severaI useful for-
muke had been obtained, notably those by S. Timochenko.
The mathematical analysis by Timochenko was checked experimentally and found to be
correct within the limits of accuracy of the experiments. Each of Timochenko’s formuke calls
for certain constants dependent on the material, From this investigation have been derived
the constants for stresses both within and beyond the elastic limit.
The bearing strength of wood under steel bolts .—This investigation c~vers quite completely
such features of design as allowabIe bearing strength of wood under bolts subjected to a load
acting at any angIe to the grain, the aIIowable distance between bolts, the influence of cross
bolts, the combined action of bolts of different diameters, the allowable bearing stress under
washers, serviceability of different styles of fitting blocks, etc.
The first of a series of previous investigations of a generally similar character deaIt with
solid boIts and a condition of loading where the puII on the bolt was parallel to the grain of the
wood. A second deaIt with hoIIow bolts under the same conditions of loading, while a third
covered the case where the pull was at an angle to the grain and in the plane determined by the
grain and the axis of the bolt. This report covers the condition in which the ~~es of the bolts
are perpendicular to the grain of the wood but not in or parallel to the pIane determined by the
line of action of the force and the grain of the wood.
The report covers many details involved in the design of fittings to be attached to wooden
spars, including the spacing of the bolts, the use of bolts of different sizes, the fitting of bolts in
Iaminated beams, and the design of fitting blocks for box beams, and gives certain factors to be
applied to the design formuke which have been used heretofore.
Preparation oj manual for inspectors oj aircrajt wood and glue .—This work consisted of a
compi~ation and digest of much of the perennially useful material developed in aircraft studies
by the Forest Products Laboratory in the last 10 years and was done for the Bureau of Awo-
nautics, Navy Department. Separate chapters give descriptive material or instructions con-
cerning inspection and process work under the following headings:
Structure and characteristic defects-of wood.
Strength of wood.
Seasoning processes.
Steaming and bending.
Glues and gluing.
Common stairts and decays in wood.
Identification of woods.
Specifications,
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This manual, while primarily intended for the use of inspectors connected with the pro-
curement of naval airerafti mderial, is expected to be of service to inspectors on similar work
for the Army Air Corps or the Department of Commerce and for individual manufacturers.
It also offers promise as a text for use in the instruction of aeronautical engineers, wood tech-
nicians, and mechanics who contemp~ate working in aircraft woods. This manual is now being
printed by the Government Printing Of&e and will be availabIe at a moderate cost for unre-
stricted distribution in this country.
Inerecming dui-abitity of glued -joi.nfs.-This work comprises an investigation into the effect
upon mold formation and chemical dissolution (such as hydrolysis) of preservatives used W&h
glues for aircraft use. The investigation has covered the study of the effects of applicat.ioR of
various preservatives to the glue before use and also of the steeping of the completed joint in
preservative material. NTOcompound has been found to date whose addition to glue entirely
inhibits mokting. Beta napfihol and creosote when added in considerab~e quantities to water-
resistant casein or animal glue and sodium chromate added to cold-pressed bIood glue materially
reduce molding and increase the durability of this glue film without aff ecting the other important
properties of the glues beyond practical limits. They add considerably to -weight, however.
Nuwey oj gluing practice at naval airmajt es~ablishments and contractors’ plants.—At the re-
quest of the Bureau of Aeronautics, Navy Department, an inspection was made of the gluing
practice followed at a number of nawd airc.raf t establishments and contractors’ plants. Indi-
vidual inspection reports on the various pIants visited were submitted and a fial summary and
report was also prepared. Many specific recommendations and suggestions were made to amom-
pany a number of the general recommendations.
Permanence of gtues.—Continued study has been devoted to the methods of handling casein
glues in manufacturing processes. One of the most interesting features is the behavior of the
glue during the period between mixture and final pressing. It is of great advan~age to have a
glue which retains its workability during this period but which does noii require too great a
time for setting after the working period is over. Accordingly experiments hare been made to
determine the influence of various factors on the viscosiby of the glue during this period.
SUBCOMMITTEE ON COVERINGS, DOPES, AND PROTECTIVE COATINGS
Gas ce~ fa5rics.—The work on the experimental gas cell fabrics made of materiaIs intended
to supply a substitute for goIdbeater’s sti has encountered difficulties due to the sensitiveness
of these materiaIs to outside influences. Both of the two types which have been developed to a
point where they appear to have real promise are applied to a rubberized fabric having a very
thin coat of spread rubber. The influence of the thin layer of rubber, and its compounding and
curing, on one type was not suspected until difIicuIties were encountered due to variations in
these factors. It was found that the material used in the original experiments was entirely
satisfactory, but that a considerably larger quantiiy which was intended for use in a production
order, had a composition and curing much dii?erent from the original. This reesdked in the
production of gas-cell materia~ much inferior to the earlier sampIes.
The cause of the trouble was quickIy located, but it was necessary to spend considerable
time in making certain that a new supply of rubberized cloth shouId not possess the objectionable
qualibies found in the first one. The work is continuing with the confident expectation of ulti-
mate success.
In connection with the development of the type of material using cellophane, the manu-
facture of a gas cell from fabric using the cellophane with high glycerine content has been deIayed
by the inabiIity to obtain this material as promptly as was desired. It apparently is a special
product and not produced regularly. When larger quantifies are required it will undoubtedly
be available as may be needed.
A most encouraatig development has been the development of interest in this problem by
one of the manufacturers of the raw materials used in the substitute for goldbeater’s skin. This
promises to lead to the taking over of the problem by them, when with the facilities available in
their organization it should require only s comparatively short time before a satisfactory sub-
stitute fabric is available. This would be an arrangement very much to be desired, as it would
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then be possible to purchase the fabric in yardage from the manufacturer and assemble tha gas
celk very much as is the kase with rubberized fabric.
Coatings for duralumin to prevent corrosion.— While the anodic treatment apparently confers
some deamee of protection against corrosion in atmospheres which do not contain salt or other
alkaline constituents, it certainly is relatively inefficient near the sea. Consequently the value
of the process has been somewhat doubted. However, it is plain that the anodic treatment does
improve the surface of aluminum alloys very much -whenever it is intended to apply further coat-
ings. Apparently a layer of infinitesimal thickness is produced which affords. an almost ideal
surface for the retention of grease or other coatings. Remarkably encouraging results have been
reported from the use of the anodic treatment folIowed by a lanolin coating, or a grease, in which
&proportion of aIuminum powder has been mixed. Instead of the greasy surface which would
naturally be expected, the coating results in a comparatively hard surface which does not easily
rub off. .,,
lTo paint and vain~sh coats which have been tried have been found to give aqy degree of
protection comparable. to that from the anodic treatment pIus grease or &o that c~q(erred by the
bituminous coatings. However, it has been defini@ly established that the bituir@ous paints
must be given a light color by some pigment, preferably aluminum powder, or th,ey wilI break
down in Lhe sunlight. ‘iThere not exposed to the sunlight this Iight color is not ,required.
The process by which a thin layer of gum rubber is built upon the surface of the material has
been perfected to an exfiremely high degree. By the addition of powdered aluminum as a pig-
ment the resistance to the deteriorating effect of smiight has been much increased. Co stings
applied by this method are extremely adhesive, and since they are repellent to water the degree
of protection conferred is of a high order. IIowever, the thickness of the coating vhich is
required to give adequate protection is such that a distinct increase in weight is involved.
In the last report of this committee reference was made to the high degree of protection
conferred by a thin coat of pure aluminum. It was then referred to as applied by means of the
metaI spray gum The Aluminum Co. of .America have now succeeded in producing a thin coat
of very pure aluminum forming an integral part of the sheet of duralumin. Duralumin sheets
protected on both sides by this method have shown remarkable resistance to corrosion, and the
protection extends to uncoated duralumim, i~ the form of rivets, or hare spots of about one-half
inch diameter, on the sheet. Although the final verdict can not be given without service tests,
all the accelerated tests indicate that this material is the most-successful in its protection which
has so far been developed. If materiaI of this character is anodically treated and then greased
it is beIieved that the protection may be considered to be practically perfect.
The exposure tests on protective coatings for duralumin are still under way, and while
some coatings have already broken down and others show signs of beginning to break dowu
the tests are not yet completed. This was one of the purposes of making these tests, as it was
hoped to obtain a scale by which to measure the results of accelerated corrosion tests.
The nitrocellulose lacquers for the protection of small metal fittings have come into wide
use and afford a very useful method of rapidIy applying a moderately effective protective coating
by hand. With these, however, it is necessary to maintain the coating by constant inspection.
With the development of the method of protecting the aluminum alloys by means of a pure
aluminum layer forming an integral part of the shee$ it would appear that a very satisfactory
solution for this probIem has been obtained. It is coiifidently expected that this material will
make possible the widespread use of duralumin in many pIaces where it has heretofore been
regarded with suspicion. By combhing the pure aluminum coating with other methods, as
describe-d, tihe degree of protection can certainly be. increased to far beyond anything which
has been known heretofore. With the continuing de_velopmegt of this material and its intro-
duction in the form of sections and tubing protected on both surfaces, as may be expected,
aluminum alloys should become one of the most used materials in aircraft.
.4;rplane dopes.—During the past yew semipigrnented dopes have come into general use.
These are nitrate dopes in which pigment has been incorporated in quantity approximately
25 per cent of that in the usuaI pigmented dopes. The doping schemes with these dopes con-
template the use of semipigmented dopes exclusively, no clear dopes being used.
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Surfaces doped with semipigmented dope which Imve been in service fcu! a considerable.
period of time ha-v-eshown a marked increase in durability o-rer surfaces using the old doping
schemes where cIear dopes were used and protected with a pigmented dope and pigmented
varnish. Spec.iiications covering this new material are being prepared by both Army and ,Xavy.
Experiments ort airplane dopes are stti being conducted aii the Naval ticraf~ Faoto~y.
These include the older forms and &henewer semipigmented dopes. AR effort is also being made
to develop some quantitative method for determining the tautness of a doped pad arid some
method for estimating the actual du@iMy from an accelerated test. The Barnaby C%l?rey -
rnoyer tautness meter referred to M ‘last year’s report has now been superseded by the Mullen
pciper tester. The NTavaIAircraft Factory is investigating the application of this tester and com-
piling coefficients for use ir6he interpretation’ of the results obtained wi~h ik .;
Su8sfitute ~oi- silk parachute cloth.—.b American-ma&e silk cloth to be used in pIace of the
imported silk cloths which have been used in the manufact~e of airplane parachutes has been
de-doped and is now being incorporated in ,.a production order.
The problem of finding a substitute for silk for this purpose has been attacked along the lines
of treating cotton yarn by modified mercerization and doping processes. Gains in strength and
elasticity as shown both @ the yarn and in trial weavings using the treated yarns as the filling
for the oloth have been accomplished.
The problem has now been shifted from the laboratory to a production scale. The difE-
culties experienced in the laboratory development work suggested the advisability of dividing
the work into three diilerent sections: yarn treatment, cIoth treatment, and a complete miII
organization and finishing treatment.
In connection with the yarn treatment it has been found that domestic fine yarns with the
desired properties are difficult to obtain. Most of the yarn used in the early work was made in
England and even then had to be reprocessed in the laboratory to some extent. Arrangements
have no-w been made for the suppIy of suitable yarns of American manufacture. These will
be treated according to the methods which have been developed and will be woven in the
experimental cotton mill.
In connection with the cloth treatment it appeared desirable to take advadage if possible
of the light-weight cotton cloths which are used for other tieronautical purposes. For inst ante,
a ~-omce cloth of Verv high s~mgth is regt~ar~y wed & the manufacture of airship and balloon
envelopes. Generom- quantities of this materiaI ha-re been furnished by the hravy Department.
Using the first pieces supplied a small scale mercerization apparatus for cloth was deveIope13,
which -was designed and built at the Burezu of Standards. A large sample of material is now
being pui through this apparatus. Iti is planned to make smaIl parachutes from the finished
material. These will be tested in comparison with parachutes made of silk cloth and of untreated
cotton cloth.
The complete organization for making the yarn on a production scale is being worked out
in the experimental cotton mill. A bale of long staple “Arizona-Egypti~” cotton (gTOWIIin
Arizona) has been purchased and is being processed in the cotton miil, JYhen this yamis SPm
it wiU be handled in the same manner and according to the processes -which have been described
above. This work -wi.11probably require eight months to a year to comp~ete, but in the end will
make avaiIable fairly complete information as to the possibilities of this method of processing.
SUBCOMMITTEE ON .AIRCRAFT STR12C!TCRES
Telded joink.-Because of the possibility that met d aircraft structures caq be fabricated
by melding, ab a lower cost and with a saving of -weight, the metdIurgicaI and fatigue prop-
erties of -welds, with particular reference to the stl ~ngth of speckens fabricated by this processY
are being investigated.
Butt welds on sheets “of duralumin, carbon steel, and chrome vanaciium steel, in four
thicknesses, and with three welding processes (atomic hydrogen, oxyacetylene, and electfic
arc) have been furnished for test.
Preliminary tensile tests OD specimens in the (‘as received” condition, indentation tests,
and metallurgical treatments, have been completed. I The work has not advanced sufficiently
to record any definite concksions as to the efficiency of these methods of fabric~tiori, but ib is
—
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expected that the investigation wti ultimately furnish important information as tc- the availa-
bility of these welding processes for Ioad-crmrying members of aircraft structures.
.Strength ojficzt plates .—The investigation of bhe column strength of flat plates of nickel,
duralumin, stainless steeI, and monel metal was decided upon as a resulbof the increasing
use of metal construction in which the shell plating is required to carry par~ of the load. Very
little information exists as to the manner in which the compressive loads in such a shell are
carried, and as a preliminary step toward a solution of this problem the column strengths of
flat plates of the different materials mentioned are being determined, In this investigation the
effect of variations in width alone is being considered. The plates are always flat, and while
the edges are fixed in position they are not-fixed in direction.
Form factors jor tubing oj duralunain and steel under combined column and beam loads.—
This research was u~dertaken to increase the amount of information available as to the loads
which could be sustained by steel and duralumin tubing when used either in the fuseIage or other
structure of an airplane. J$Torkon one size of duraIumin tubing has been completed and-curves
prepared for the use of the designer. Work on the steel tubing in three sizes is still under way.
Structures jor uirships.—The compression tests made upon a Shenandoah type spiral Iat-
ticed girder and a special girder with opposite latticing to determine the relative importance
of the principaI elastic constants of the chord members, i. e., the fiexural stiffnesses (moments
of inertia x Young’s modulus) in the directions of the two principal axes of inertia and the
torsional stiffness (torsion constant X shear modulus) showed that the characteristic wavy ffex-
ure of these girders under load was almostwholly a twist of the channel section; that restraining
this twist without restraining the lateral deflections or spread of the flanges increased the carry-
ing capacity of the girder by over 40 per cent; and that therefore the torsional stiffness of the
channels was the major controlling factor in the strength of the girder.
Complete tests have been made upon nine specimens involving approximately 23,000
individual measurements. Those made upon Shenandoah type triangular spiral latticed girders
having differing moments of inertia, area of channeIs, and character of restraints offered by the
lattices, have confirmed these resuIts within the range of girders tested. They have also bee~
confirmed by tests on the square Shenandoah type girder, having angles for the chord membersl
where the load-carrying capacity of this type of girder was increased over 35 per cent upon
restraint of the twist without in any way restraining the lateral deflection.
The results have also been confirmed by tests on four short sections of experimental girders
with tubular chord members but otherwise identical with the Zeppelin type-55 series of Nlen-
andoah girders. In these tubular type girders the moments of inertia and areas of the sections
are not- greatly different from those of the channel sections but the torsional stiffness is very
much higher. The failure shows no effect of twisting, being of the mixed elastic and yielding
flexural type characteristic of columns of medium slenderness (Karman range) with average
stresses approaching the yield point of the materiaI.
Like columns of medium slenderness the failure does not show the rapid collapse after the
maximum load characteristic of the purely elastic flexuraI type of failure found with open
channels. Each of the three was compressed a few tenths of an inch beyond the ma.simum,
under decreasing load and increasing bending of the tubular chords. On reIease of load the
girder lengthened with straightening of the bent chords, Ieaving onIy a smaH par& of the curva-
ture remaining as permanent deformation. There was, however, no evidence of the “pick up”
found in certaiu ranges of solid columns.
Further tests are planned on two box girders such as are used in parts of the LOSAngeZes
and upon several experimental box girders of similar design which have been fabricated at the
Lakehurst Naval Air Station.
Fittings.—The Department of Commerce in administering the inspection and airworthiness
provisions of the air commerce act of 1926, has found that there is great-diversity in the manner
in which fittings, for metal or wooden construction, are made in commercial practice. It
accordingly requested the Bureau of Standards to investigate this subject with a view to im-
proving the methods of design and construction and, if possible, introducing some simplification
in the practice. The Bureau of Standards has referred the question to this subcommittee and
recommendations are being prepared which wilI probabIy include a program of research.
PART IV
TECHNICAL PW3LICATIONS OF THE COIWfillTTEE
The hTationaI Advisory Cotittee for Aeronautics has issued technical publications during
the past year covering a -wide range of ,subjeets. There are four series of publications, namely,
Technical Reports, Technic&l liotes, Technieal Memorandums, and Aircraft Circulars.
The Technical Reports ‘present the resuhs of fundament.aI research in aeronautics carried
on in different Laboratories iQ tbis coqntry, including the Langley Memorial Aeronautical
Laboratory, the aerodynamicaI laboratory at the Wash@gton Navy Tardj the Bureau of Stand-
ards, the Weather Bureau, Stanford University, and the Massachusetts Institmte of Technology.
In all cases the reports were recommended for pddieation by the technical subcomrnitkees
having cognimmce of the investigations. During the past year 26 TechnicaI Reports were
i~sued.
Technical N’otes present the results of smaIl research investigations and the results of
studies of specific detail problems which form parts o~ Iong investigations. The commit.t ee
has during the past year issued in mimeographed form 18 Technical A’otes.
Te&nicaI Memorandums contain translations and reproductions of important aeronautical
art icks of a miscellaneous character. A total of 50 Technical Llemorandums were issued
during the past year.
Aircraft Circulars contain translations or reproductions of articles descriptive of new types
of aircraft. During the past year 40 Aircraft Circulars were issued.
Summaries of the 26 Technical Reports and lists of the TechnicaI Notes, Technical Memo-
randums, and Aircraft Circulars issued during ihe psst year follow.
SUMMARIES OF TECHNICAL REPORTS
The first annual report of the NTational Advisory Committee for Aeronautics for the fiscal
year 1915 cent ained TecbnicaI Reports Nos. 1 to 7; the second annual report, NTOS.8 to 12;
the third annual reporh, I’Tos. 13 to 23; the fourth annua.I report, N’os. 24 to 50; the fifth annual
report, Nos. 51 to 82; the sixth annual report, ~Yos. 83 to 110; the seventh annuaI report, Nos.
111 to 132; the eighth annual report, Nos. 133 to 158; the ninth annuaI report, h~os. 159 to 185;
the tenth annual report, N’os. 186 to 2-09; the eleventh annual report, Nos. 210 to 232; the
twelfth anmal report, NTOS.233 to 256; and since the preparation of the twelfth annual report
for the year 1926 the committee has authorized the publication of the following Technical
Reports, FJos. 257 to 282.
Report No. 257, entitled “Pressure Distribution Over a Wing and .Tail Rib of a VIZ-7
and of a TS Airplane in Flight,” by J. W. CrowIey, jr., National Advisory Committee for
Aeronautics.—This investigation was made at the Langley Memorial Aeronautical Laboratory,
to determine the pressure distribution over a rib of the wing and over a rib of the horizontal
tail surface of an airplane in figbi and to obtain information” as h the time correlation of the
loads occurring on these ribs. Two airplanes, VIZ-7 and TS, were seIected in order to obtain the
information for a thin and a thick wing section. In each case the pressure distribution was
recorded for the full range of angle of attack in level fight and throughout violent maneuvers.
Particular attention was given to the high and law angle of attack conditions. The results
show: (a) That the present rib load specifications in use by the Army Air Corps and the Bureau
of Aeronautics, Navy Department, are in fair agreement with the loads actually occurring in
flight, but could be slightly improved; (b) that. there appears to be no definite sequerice in which
wing and iail surface ribs reach t-heir respective maximum loads in dtierent maneuvers; (c) that
in accelerated flight, at air speeds less than or equal to 60 per cent of the maximum speed, the
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accelerations measured agree very closely with the theorefiicalIy possible maximum acceleratio~s.
In maneuvers at higher air speeds th~ observed accelerations were smaller than those theoretically
possible.
Report No. .258, entitled “Some Factors Affect&g the Reproducibility of Penetration and
the (3-It-off of Oil Sprays for Fuel lnj ectio~ Engines,” by E. G. Beardsley, National Advisory
Committee for Aeronautics. —This investigation was undertaken at the Langley Memorial
Aeronautical Laboratory, in connection with a general research on fuel-injection engines for
a,]craf~.,fr,,T,he purpose of the investigation was to determine the factors controlling the rcpro-
ciy~b,~~ty of spray penetration and secondary discharges after cut-off.
T@,,c@-elopment of single sprays from automatic injection valves was recorded by means
of specia~ @igh-speed photographic apparatus capable of taking 25 consecutive pictures of the,-, ,,
moving spray at a rate of 4,OOO per second. The effects of two types of injection valves,
injection-valve tube length, initial pressure in the injection-valve tube, speed of the injection
control mechanism, and time of spray cut-off, on the reproducibility of spray penetration, and
on seconchwy discharges vere investigated.
Itwas, foupd that neither type of inj,qction vaIve _materialIy affected spray reproducibility.
The initial pressure in the injection-valve tube controlled the reproducibility of spray pene-
trations. An increase in the initial pressure or in the Iength of the injection-valve tube slightly
increased the spray penetration within the limits of this investigation. The speed of the
injection-controI mechanism did not affect the penetration.
Analysis of the results indicate? Jhat secondary discharges were caused in this apparatus
by pressure waves initiated by the r~p~d opening of the cut-off valve. The secondary discharges
were ehrninated in this investigation by increasing the length of the injection-valve tube.
Report iVo. ,259, egtitled i’ Characteristics of Propeller Sections Tested in the ITariable
Density MTindTunnel,” by Eastman N. Jacobs, National Advisory Committee for Aeronautics.—
Tests were carried out in the variable density wind tunnel at the Langley Memorial Aeronautical
Laboratory on si.. airfoil sections used by the Bureau of Aeronautics as propeller sections. The
sections were tested at pressures of 1 and 20 atmospheres corresponding to-RcynoIds I!Tumbcrs
of about 170,000 and 3,500,000. The ~esults obtained, besides providing data for the-design
of propellers, shouId be of special interest because of the opportunity afforded for the skudy of
scale effect on a family of airfoil sections having different thickness ratios,
J?eporf Mo. .f260, entitled “The Effect of a Flap and Ailerons on the N. A. C. A. M.6
Airfoil Section, ” by .George J. Higgins and Eastman TV. Jacobs, National Advisory Committm
for Aeronautics. -This report contains the results obtained at the Langley h!femorial Aero-
nautical Laboratory, on an N. A. C. A. M6 airfoil, fitled with a flap and ailerons, and tested in
the variable-density wind tunnel at a density of 20 atmospheres. Airfoil characteristics are
given for the model up to 48° angle of attack with the flap set at various angles, and also with
the ailerons set at similar angIes. The approximate lift distribution and the center of pressure
variation along the span are determined with the model at 18° angle of attack and with the aflerons
displaced 20”. Approximate rolling moment and yawing moment coefficients are determined
for the various aileron set~ings.
A comparison of the calculated angles of zero Iift and the calculated lift and moment
coefficients with those observed is given in the appendix.
Report iVo. %31, entitled “Resistance and CooIing Power of Various Radiators,” by R. H.
Smith, construction department, Washington Navy Yard.—This report-combines the wind-
tunnel results of radiator tests. made at the Navy aerodynamical laboratory in Washington
during the summers of 1921, 1925, and 1926. In 811,13 radia~ors of various types and capacities
were given oomplete tests for figure of meriti Twelve of these were tested for resistance to water
flow and a fourteenth radiator was tested for air resistance alone, ibs heat-dissipating capacity
being known. A1l the tests were conducted in the 8 by 8 foot tunnel, or in its 4 by ~ foot
restriction, under conditions as nearly the same as possible. That is to say, as far as possible,
the general arra~gement and condition of the apparatus, the observation intervals, the ratio of
water fiow per unit of cooling surface, the differential temperatures, and the air speeds were the
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same for all. Also, for reasons of compmison, the L/D vaIue of 6, which was assumed in the 1921
tests as the L/D of the airplane using the radiator, was also used in the more recent tests.
NTOattempt k ‘&ade to enter upon the theory of heat dissipation. Only the actual test
results are giwm and reduced to coefficient form. The precision of the -tests as representative
of fulI-3ight performance is definitely known only in the case of the H&T–?. The Mc.Cook Field
full-flight performance and the Kav-y tunnel performan& of this radiatof agree ~it.hin abouh
3 per cent.
Since this ful]-tlight test was made with unusual care and since th~ wind-tunneI tests on all
the radiators ‘ti’&~ ‘m&de nofi only accurately but also at almost full scale, ii would seem probable
that these tedi r~pk~sent quite a.ccurateIy the full-flight performances in actual service.
Report No. 26$’; ‘dniitl~d “Friction of Aviation Engines,” by S. W. Sparrow a~d hf. A.
Thorne, Bureau of S@mdards.—The first portion of this report discusses measurements of fric-
tion made in “&-<’al&i~e Iabora\oi!y of the Bureau .of Standards, bettieen 1920 and 1926 under
research autliti~a’~o”~ of the Ntitio~aI .4dvisory Committee for Aeronautics. These are dis-
cussed -wiLhrefe~ende to the influence of speed, barometric pressure, jacket-water temperature,
md throttle open@g upon the friction of aviation engines. It is concluded that: (1) Changes’ in
friction due t~~cli~~es in the temp~rature of the air entering the engine are negligible. (2)
Changes in frnctiori tiliich result from changes in atmospheric pressure are due primariIy to
changes in pumping loss. An approximate fia~e for the engines mentioned in this report is
that the friction mew effecti~e pressure decreases about one-tenth of a pound per square inch
for each decrease of 1 centimeter of mercury in the barometric pressure. (3) The increase in
friction resulting from a decrease in throttle opening is due to the change in pumping Ioss.
For the engines mentioned in this report, tthe change in friction mean effecti~e pressure which
accompanies a change in manifold suction of 1 inch (2.54 centimeters) of mercury ranges from
0.20- pound per square ~eh obtained at an engine speed of 1,200 revolutions per minute to
0.39 at 1,800 revolutions per minute. (4) For the range of speeds covered in this report, namely, -
from 1,000 to 2,200 revolutions per minute, the friction mean effective pressure increases
with speed, but ordinarily the percentage increase is less than the corresponding percentage
inctiease in speed. At low engine speeds the friction mean effective pressure changes much
less with change in speed and in some instances remains practicalI~F~ogstant. (5) Friction
depends upon the viscosity of the oil upon the cylinder walls, which” in turn depends upon
the tempe$h’ture of the jacket water. (6) While theoretical considerations wodd lead one td
expect an increase in friction with increase in compression ratio khe evidence at hand iudicates
that this effeM is slight.
The sti6tmd section of the report dea.k with measurements of the friction of a group of .
pistons differing from each other in a si.ngle respect., such as length, clearness, a~ea of thrusti
.
face, location of th~st face, etc. Results obtained with each type of piston are discussed and
attention i>~direct&d particularly to the fact that the friction chargeable to piston rings depends
upon piston: desi=~ as well as upon ring design. This is attributed to the effect of the rings
upon the thickness and distribution of the oil film which, in turn, affects the friction of the
piston to an extent which depends upon its design.
Report No. 2’63, entitled “Preliminary FIight Tests of the N. A. C. A. Roots Type Aircraft
Engine Supercharger,” by Arihur W. Gardiner and EIIiott G. Reid, L’ational Advisory Com-
mittee for Aeronautics. -An investigation of the suitability of the NT. A. C?=.& Boots type
aircraft en3@ne supercharger to flight-operating conditions, as determined by the effecis of
the use of the supercharger upon enagine operation and airplane performance, is described in
this report,.
The supercharger has been previously described in N. A. C?.A. Technical Report .No. 230;
the results of laboratory tests are also given there. The compressor has a displacement of
0.51 cubic foot per revolution and weighs 88 pounds.
The selection of a suitable propeller and the provision of satisfactory intake ducts and
adequate engine cooling vi-erg preliminary problems. The supercharger -was Grst tested in a “
modified DH–4 airplane with a 5.4-compression-ratio Liberty-12 engine. Two sets of drive
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gears which enabled the maintenance of sea-level pressure at the carburetor intake up to 12,000
and 20,000 feet were provided. The higher gear ratio supercharger was next tested in a DT-2
landplane which was la,ter converted into a twin-float seaplane; the DT-2 also h~d a Liberty
engine. Loads up to 2,000 pounds were carried in the seaplane with normal and supercharged
engines.
Attention was concentrated ort the operation of the engine-supercharger unit and on the
improvement of climbing ability; some information concerning high speeds at altitude was
obtained.
The supercharger was found to be satisfactory under flight-operating conditions. Although
tw~ faiIures occurred during the tests, the causes of both were minor and have been eliminated.
Careful examination of the engines revealed no detrimental effects which could be attributed to
supercharging.
Marked improvements in climbing ability and high speeds at altitude were effected. It
was also found that the load which could be carried to a given moderate or high altitude in a
fixed time was considerably augmented. A slight sacrifice of low-altitude performance was
necessitated, however, by the use of a fixed pitch propeller.
From a consideration of the very satisfactory flight performance of the Roots supercharger
and of its inherent advantages, it is concluded that this type is particularly attractive for use
in certain classes of commercial airpkmes and in a number of military types.
Report ATO.264, entitled “Differential Pressures on a Pitot-Venturi and a Pitot+tatic
Nozzle over 360° Pitch and Yaw,” by R. M. Bear, construction departmenfi, YTashington Navy
Yard .—Measurements of the differential pressures on two Navy air-speed nozzles, consisting
of a Zahm type P~tot-Venturi tube and a SQ–16 two-pronged Pitot-static tube, in a tunnel air
stream of fixed speed at- various angles of pitch and yaw between 0° and +.180°, show for a
range over -20° to + 20° pitch and yaw, indicated air speeds varying very slightly over 2 per
cent for the Zahm type and a maximum of about 5 per cent for the SQ–16 type from the ca]i-
brded speed at OO.
For both types of air-speed nozzle the indicated. air speed increases slightly as the tubes are
pitched or yawed several degrees from their normaI 0° attitude, attains a maximum around
+ 15° to 25°, declines rapidIy therefrom as + 40° k passed, to zero in the vicinity of + 70° to
100°, and thence fluctuates irregularly from thereabouts to–+ 180°. The complete variation
in indicated air speed for the two tubes over 360° pitch and yaw is graphically portrayed in
Figures 9 and 10.
For the same air speed and 0° pitch and yaw the differential pressure of the Zahm type
Pitot-Venturi nozzle is about seven times that of the SQ-16 type two-pronged Pitot-static nozz~e,
Report No. 265, entitled “A Full-Scale Irivestigiition of Ground Effect,” by Elliott G. Reid,
National Advisory Commit tee for Aeronautics .—This report describes flight tests which were
made with a Vought VE–7 airplane to determine the effects of flying close to the ground.
It is found that the drag of an airplane is materially reduced upon approaching the ground
and that the reduction may be satisfactorily calculated according to theoretical formulas.
Several aspects of ground effect which have had much discussion are explained,
Report ATO.266, entitled “Air Force and Moment for N–20 Wing with Certain Cut-Outs,”
by R. H. Smith, construction department, Washington Navy Yard.—The airplane designer
often finds it necessary, in meeting the requirements of visibility, to remove area or to otherwise
Iocally distort the plan or section of an airplane. wing. This report, prepared for the Bureau
of Aeronautics, January 15, 1925, contains the experimental results of tests on six 5 by 30-inch
N-2o wing models, cut out-or distorted in different ways, which were conducted in the 8 by
8-foo&-wind tunnel of the Navy Aerodynamical Laboratory in Washington in 1924.
The measured and derived results are given withou~ correction for Vi/v or for wall effect
and for standard air density, p =0.00237 slug per cubic foot.
Rezwt hTo.267, entitled “Drag of l’ibzs with End Plates,” by Paul E. Hemke, National
Adviso~y Committ&e for
drag of multiplanes with
Aeronau~ics.—In ‘this report a formuIa for calculating the induced
end plates is derived. The frictional drag of the end plates is also
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calculated approximately. It is shown that the reduction of the induced drag, when end plates
are used, is sufEieiently large to increase the efficiency of the wing.
Curves showing the reduction of drag for monoplanes and biplanes me constructed; the
influence of gap-chord ratio, aspect ratio, and height of end plate are determined for typical
cases. The method of obtaining the reduction of drag for a mult?plane k. described.
Comparisons are made of calculated and e.xperirnental results obtained in wind-tunnel tests
with airfoik. of various aspect ratios and end plates of various sizes. The agreement between
calculated and experimental resuks is good.
Analysis of the experimental results shows that the shape and section of the end plates are
important.
Report No. 268, eniitIed “Factors in the Design of Centrifugal Type Injection VaIves for
Od Ergties,” by W. F. Joachim and E. G. Bearddey, National Advisory (?ommittee for Aero-
nautics.-This research was undertaken at the LangIey Memorial Aeronautical Laboratory, in
connection with a general study of the application of the fuel injection en=tie to aircraft. The
purpose of the investigation was to determine the effect of four important factors in the design
of a centrifugal type automatic injection vaIve on the penetration, generaI shape, and distribut-
ion of oil sprays.
The general method empIoyed ~as to record the development of single sprays by means of
special high-speed photographic apparatus capabIe of taking 25 consecutive pictiwes of the
moving spray at a rate of 4,OOOper second. Investigations were mzde concerning the effects on
spray characteristics of the helix angIe of he.1ica.1grooves, the ratio of the cross-sectional area of
the orifice to that of the grooves, the ratio of orifice Iength to diameter, and the position of the
seat. The sprays were injected at 6,000, 8,000, and 10,000 pounds per square-inch pressure into
air at atmospheric pressure and into nitrogen at 200, 400, and 600 pounds per square-inch pres-
sure. orfice diameters from 0.012 to 0.040 inch were investigated.
It was found that decreasing the pitch of the helical grooves and thus increasing the cen-
trifugal force applied to the spray increased the spray cone angle considerably, although the
percentage increase was much less in dense air than in the atmosphere. On the other hand, the
spray penetration decreased with increase in the amount of centrifugal force applied. About
twice as much spr~y volume per unit oil volume was obtained with a high centrifugal spray
as with a noncentrifugal spray. The spray cone angIe increased, and the spray voIume to oil
volume ratio and spray penetration decreased with increase in the ratio of orifice area to groo~e
area. Maximum spray penetration was obtained with a ratio of orifice length to diameter of
about 1.5. Slightly greater penetration was obtained with the seat directly before the orfice.
Report No. 269, entitIed “Air Force Tests of Sperry Messenger Model with Six Sets of
Wings,” by James M. Shoemaker, National Advisory Committee for Aeronautics.-The purpose
of this test was to compare six well-known airfoils, the R. A. F. 15, U. S. A. 5, U. S. A. 27, U. S. A.
35–B, Clark l’, and Gottingen 387, fitted to the Sperry Messenger model at full-scale Reynolds
N?urnber as obtained in the variable-density wind tunnel of the National Advisory Committee
for Aeronautics; and to determine the scaIe effect on the model equipped with all the det aiki
of the actual airplane. The results show a large decrease in minimum drag coefficient upon
increasing the Reynolds ATumber from about one-twentieth scale to full scale. Maximum lift
coefficient was increased with incresing scale for aII the airfoik except bhe CWtingen 387, for
which it was dightly decreased. A comparkoa is made between the results of these tests and
those obtained from tests made in this tunnel on airfoils alone.
Report No. 270, entitIed “The Measurement of Pressure through Tubes in Pressure Distri-
bution Tests,” by Paul E. Hemke, NationaI Advisory Committee for Aeronautics.-The tests
described in this reporb were made to determine the error caused by using small tubes to conneet
orifices on the surface of aircraft to central pressure capsules in making pressure-distribution
tests.
Aluminum tubes of three-sixteenths inch imide diameter were used to determine this error.
Lengths from 20 feet to 226 feet and pressures whose maxima varied from 2 inches to 140 inches
9i297-~
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of water wereused. Single-pressure impulses for which the time of rise of pressure from zero
to a maximum varied from 0.25 second to 3 seconds were investigated.
The results show that the pressure recorded at the capsule On the far end of the tube lags
behind the pressure at the orifice end and experiences also a change in magnitude. For ‘the
va~ues used in these tests the time lag and pressure change vary principally with ~hc time of
rise of pressure from zero to a maximum and the tube Ieng$h. Curves are constructed showing
the time lag and pressure change. Empirical formulas are also given for computing the time lag.
Analysis of pressure-distribution tests made on airplanes in flight shows that the recorded
pressures are slightly higher than the pressures at the orifice and that the time lag is negligible.
The apparent increase in pressure is usually within the experimental error, but in the case of
the modern pursuit type of airplane the pressure increase may be 5 per cent. For pressure-
distribution tests on airships the analysis shows that the time lag and pressure change may be
neglected.
Repo~t No. ,$271,entitled “Pressure Distribution Tests on PllT-9 Wing Models Showing
Effects of Biplane Interference,” by A. J. Fairbanks, National Advisory Committee for Aero-
nautics.—l.n this report tests are described in which the distribution of pressures over models
of the wings of the PW–9 airplane was investigated. The wing models were tested individually
and in the biplane combination, The investigation was conducted in the atmospheric wind
tunnel of the’-National Advisory Committee for Aeronautics. It–is concluded in this paper
that the effect of biplane interference on the pressures on the wings is practically confined LO
the lower surface of the upper wing and the upper surface of the lower wing; that the overhanging
portion of the upper wing is not greatly affected by the preserme of the Iower wing; and that a
slight washin at the center section of the upper wing sati:f ac.torily compensates for a reduced
chord at this section (providing the airfoil section is not mutilated) and prevents a large reduction
in the normal force over this portion of the wing.
Report No. 272, entitled “The Relative Performance Obtained with Several Jiethods of
(lontrol of an Overcornpressed Engine Using Gasoline,” by Arthur 3T. Gardiner and ?lTilliam
E. Whedon, National Advisory Committee for ~eronautics.—Thk report presents some results
obtained at the Langley ?vternorial Aeronautical Laboratory during an investigation to deter-,
mine the relative performance characteristics for several methods of control of an over-
compressed engine using gasoline and operating under sea-level conditions. For this work,
a special single-cyhder test engine, 5-inch bore by 7-inch stroke, and designed for ready
adjustment of compression ratio, valve timing and valve Iift while running, was used. This
engine has been fuIly described in N. A. C. A. Technical Report No. 250.
Tests were made ah an engine speed of 1,400 revolutions per minute for compression ratios
ranging from 4 to 7.6. The air-fuel ratios were cm the rich side of the chemically correct
mixture and were approximately those giving maximum power.. When using plain domestic
aviation gasoline, detonation was controlled to a cons~ant, predetermined amount (audible),
such as would be-permissible for continuous operation, by (a) throttling the carburetor, (h)
maintaining full throt tIe but greatly retarding the ignition, and (c) varying the timing of the
inlet valve to reduce the effective compression ratio. For the first and third methods, the
throttle opening and the valve timing, respectively, were adjusted so that the ignition timing
could be advanced slightly beyond the advance, giving maximum power without exceeding the
standard of permissible detonation. The optimum performance for the engine when using a
nondetonating fuel, consisting of 80 per cent of commercial benzoI and 20 per cent of aviation
gasoline, was obtained as a basis for comparison.
The following comparative results are based on the optium performance for the engine
obtained with hhe nondetonating fuel at a compression ratio of 4.7. The power and fuel con-
sumption -with method (b) remained substantially constant at the higher compression ratios,
the order of the ignition timing permitting full throttle operation ranging from 30° at 4.7 to
3° at 7.3; exhaust temperatures, heat loss to the cooling wt-der, and explosion pressures at the
higher ratios were normal. At a compression ratio of 7.5, the power obtained with method
(a) was about 39 per cent less and the fuel consumption was considerably lower; with mefihod
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(6), time of irdebvalve opening constant and time of inIeit-milve closing varied, the power was
about 23 per cent Iess and the fmJ consumption was greatIy increased; with method (c), time
of inlet opening and closing varied simultaneously, the power was about 29 per cent less and
the fuel consumption was greatly increased.
From these results, it may be concIuded that method (c) gives the best all-round per-
formance and, being easiIy employed in service, appears to be the most practicable method for
controhg an overcompressed ertgine using gasoline at low altitudes.
Report No. 279, entitIed “Wind Tunnel Tests on Autorotation and the ‘Flat Spin,’” by
Llontgomery Knighk, National ~dvisory committee for &ronautics.-Thie reporh deaIs with
the autorotational characteristics of certain dif7ering wing systems as determined from wind-
tunnel tests made at. the Im.ngley kfemorial Aeronautical Laboratory. ‘Phe tiv=tigation W=
confined to autorotation about a fixed axis in the plane .of symmetry and parallel to the wind
direction. Analysis of the tests leads to the following conclusions:
.Autorot.ation below 30° angle of attack is governed chiefly by wing pro~e and above that
angIe by wing arrangement.
The strip method of autorotation analysis gkes uncertain results between maximum C=
and 35°.
The poIar curve of a wing system, and to a lower degree of accuracy the polar of a complete
airplane modeI are sufEcient for direct determination of tb e limits of rotary instability, subject
to strip-method limitations.
The results of the investigation indicate that in free flight a monopIa.ne is incapable of flat
spinning, whereas an unstaggered biplane has inherent ffa&spinning tendencies.
The difEcuIty of maintaining equilibrium in staUed flight is due primarily to rotary insta-
bility, a rapid change from stability to instability occurring as the angle of maximum lift is
exceeded.
Report No. 274, entitled “The N. A. C. A. Photographic Apparatus for Studying Fuel
Sprays from Oil Engine Injection Valves and Test Results from SeveraI Researches,” by 13dward
G. Beardsley, National Advisory Committee for Aeronaut.ice.-Apparatus for recording pho-
tographica.ldy the start, growth, and cut-off of oil sprays from injection va.Ives has been devel-
oped at the Langley MemoriaI Aeronautical Laboratory. The apparatus consists of a high-
tension transformer by means of which a bank of condensers is charged to a high voItage. The
controlled discharge of these condensers in sequence, at a rate of several thousand per second,
produces eIectric sparks of sufficient intensity to iIhminate the moving spray for photographing.
The sprays are injected from various types of valves into a chamber containing gases at pressures
up to 600 pounds per square inch.
Several series of pictures are shown. The results give the effects of injection pressure,
chamber pressure, speciiic gravifiy of the fuel oil used, and injection-valve design upon spray
characteristics.
Report No. 275, entitled .“ The Effect of the walls in Closed Type Wind Tunnels,” by
George J. Higgins, NationaJ Advisory Committee for Aeronautics.-A series of tests has been
conducted during the period 1925–1927 by the LTationaI Advisory Committee for Aeronautics
in the variable density wind tunneI on several airfoil models of d.itTerent sizes and sections to
determine the effect of tunnel-wall interference and to determine a correction which can be
applied to reduce &he error caused thereby. The use of several empirical corrections was
attempted with Iifitle success. The Prandtl theoretical corrections give the best resdts, and
their use is recommended for correcting closed wind-tunnel results to the conditions of free air.
An appendix is attached wherein the experimentally determined effect of the vdls on the
tunneI veIocity very close to their surface is given. This is of special interest because a “scale
effect” was found in the boundary layer wiih a change in the density of the tunnel air.
Report No. 276, entitIed “Combustion Time in the Engine CyIinder and Its Effect on
Eng~e Performance,” by Charles F. Marvinj jr., Bureau of Siandards.—As part of a general
program to study combustion in the engine cylinder and to correlate the phenomena of com-
bustion with the observed performance of actual engines, this paper, which was outlined by
.
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S. W. Sparrow, and the work undertaken at the request of the National Advisory Committea
for Aeronautics, presents a sketchy outline of what may happen in Lhe engine cylinder during
the burning of a charge. It also suggests the type of information needed to supply the dettiils of
the picture and points out how combustion time and rate affect the performance of the engine.
A theoretical concept of a ffam~ front which is assumed to advance radially from the point
of ignition is presented, and calculations based on the area and velocity of this flame and the
density of the unburned gases are made to determine the mass rate of combustion. From
this rate the mass which has been burned and the pressure at any instant during combustion
are computed.
This process is then reversed in an effori to determine actual rates of combustion and flame
velocities from the pressures as recorded on indicator diagrams,
The effects of differenk rates of combustion on engine performance are then discussed and
the importance of. proper spark advance is emphasized.
Report No. .277, entitled “The Comparative Performance of an Aviation Engine at Normal
and High Inlet Air Temperatures,’} by Arthur W. Gardiner and Oscar WT. Schey, National
Advisory Committee for Aeronautics.—This report presents some results obtai~ed at the
Langley lfemoria} Aeronautical Laboratory during an investigation to determine the effect
of high inlet air temperature on the performance of a Liberty–12 aviation engine. The purpose
of this investigation was to ascertain, for normal service carburetor adj ustrnents and a fixed
ignition advance, the relation between power and temperature for the range of carburetor air
temperatures that may be encountered when supercharging to sea-level pressure at aItitudes
of over 20,000 feet and without intercooling when_ using plain aviation gasoline and mixiurcs
of benzol and gasoline.
~aboratory tests were made at full throttle over the speed range from 1,400 to 1,800 revo-
lutions per minute, in which the pressure at the carburetor and exhaust was mainttiined sensibly
constant and the inlet air temperature varied from 45° to 180° F. The range of mixtures
was that normally used in flight. Plain aviation gasoline, a mixture consisting of 30 per cent
(by volume) of commercial benzol and 70 per cent gasoIine, and a mixture of 65 per cent, henzol
and 35 per cent gasoline were used. Additional tests were made with a Wright” E4 aviation
engine.
The results show that for the conditions of test, both the brake and indicated power decrease
with increase in air temperature at a faster rate than given by the theoretical assumption that
power varies inversely as the square root of the absolute temperature. On a brake basis, the
order of the difference in power for a temperature difference of 120° F. is 3 to 5 per cent. Tho
observed relation between power and temperature when using the 30 to 70 blend was found to
be linear. But, aIthough these differences are noted, the above theoretical assumption m~y
be considered as generally applicable except where greater precision over a wide range of tern-
peratures is desired, in which case it appears necessary to test the particular engine under the
given conditions,
Report No. 278, entitled “Lift, Drag, and Elevator Hinge h! fome~ts of HandIey-Page Con-
trol Surfaces,” by R. H. Smith, construction department,, Washington–hTavy l“ard.—This
report combines the wind-tunnel results of tests on four control surface models made in the two
wind tunnels of the Navy aerodynamical laboratory, Washington Navy Yard, during the years
1922 and 1924. The purpose of the tests was to compare, first, the lifts and the aerodynamic
efficiencies of the control surfaces from which their relative effectiveness as tail planes could be
determined; then the elevator hinge moments upon which their reIative ease of operation
depended. The lift and drag forces on the control surface models were obtained for various
stabilizer angles and elevator settings in the 8 by 8 foot tunnel by the writer in 1922; the corre-
sponding hinge moments were found in the 4 by 4 Joot tugneI by LMr. R. M. Bear in 1924.
Report A’o. 279, entitled “Tests on Models 01. Three British Airplanes in the Variable
Density Wind Tunnel,” by George J. Higgins and George L. Del?oe, National Advisory Com-
mittee for Aeronautics, and W. S. Diehl, Bureau of Aeronautics, Navy Department. —This
report contains the results of tests made in the hTat,ional Advisory Committee for Aeronautics
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variable density wind tunnel cm three airplane modeIs supplied by the British .4eronautical
Research Committee. These modeIs, the BE–2E with R. A. F. 19 wings, the Bristol Fighter
with R. A. IT. 15 wings, and the Bristol Fighter with R. A. F. 30 wings, were tested over a wide
range in Reynolds h~umbers in order to suppIy data desired by the Aeronautical Research
Committee for scaIe-effect studies.
The maximum lifts obtained in these tests are in exceIlent agreement with the published
results of British tests, both model and full scale. ATOattempt is made to compare drag data,
owing to the omission of taiI surfaces, radiator, etc., from the model, but it is shown that the
scaIe effect observed on the drag coefkients in these tests is due to a Iarge extent to the parts
of the modeIs other than the wings.
Report No. 280, entitled “The Gaseous E.xpIosive Reaction—The Effect of Inert Gases,”
by F. W. Ste-rens, Bureau of Standards.—(l) Attention is caIIed in this report LO previous
investigations of gaseous explosive reactions carried out under constant volume eomlitiiorts,
where the eflect of inert gases on the therrcod.ynamic equilibtiumwas determined. The advan-
tage of constant pressure methods over those of constant ~olume as applied to studies of the
gaseous explosive reaction is pointed out and the possibility of realizing for this purpose a con-
stant pressure bomb mentioned.
(2) The application of constant pressure methods to the study of gaseous e.splosive reac-
tions, made possible by the use of a constant pressure bomb, led to the discovery of an important
“kinetic relation connecting the rate of propagation of the zone of explosive reaction wi~hin the
active gases, with the initial concentrations of those gases: s = k~ [A]” @]” [C]”.
(3) By a method analogous to that followed in detetiing the effec~ of inert gases on the
equilibrium constant K, the present paper records an attempt to determine their kinetic effect
upon the expression given above. It is found that this effect for the inert gases inYestigated—
NTZ,He, and CO*—m&y be expressed as
S=7C1[A]n’ ~]”’ [(2]” — — — +6 G1
where Gl represents the initial concentration of the inert gas. From results obtained it seems
probable that the value of P depends upon the combined effect of the therrmd properties of the
inert gas on the heat distribution of the reaction, the properhy of heat conductivity being
predominant.
(4) An exampIe of the utility of the constant pressure bomb for the study of the kinetics
of the gaseous explosive reaction is offered in ~he results of the present paper.
Report No. .281, entitled “The Effects of FueI and C?ylinder Gas Densities on the Charac-
teristics of Fuel Sprays for Oil Ena@nee,” by WiLLiam F. Joachim and Edward G. Beardsley,
National Advisory Committee for Aeronautics.-This investigation was conducted at the Langley
}femorial Aeronautical Laboratory as a part of a general research on fqel-injeetion engines for
aircrift. The purpose of the investigation -was to determine the effects of fuel and cylinder gas
densities upon several characteristics of f@ sprays for oil engines.
The start., growth, and cukoff of singIe fuel sprays produced by automatic injection valves
-were recorded on photographic illh by means of special high-speed motion-picture apparatus.
This equipment, which has been described in previo~ reports, is capable of taking 25 consecutive
pictures of the moving spray at the rate of 4,000 per second.
The penetrations of the fue~ sprays increased and the cone angIes and relative distributions
decreased with increase in the spefic gravity of the fuel. The density of the gas into which
the fuel sprays were irijected controlled their penetration. This was the only characteristic of
the chamber gas that had a measurable tieet upon the fuel sprays. Application of fuel-spray
penetration data to the case of an engine, ~ which the pressure is rising during injection, indi-
c ated that fue~ sprays may penetrzte considerably farther than when injected inta a gas at a
density equaI to that of the gas in an enafie cylinder at top center.
Report No. 282, entitled “The Performance of Several Combustion Chambers Designed for
Aircraft Oil Engines, ” by Wiiam F. Joachim and Carlton Kemper, National Advisory Com-
mittee for Aeronautics.-Several investigations ha-i-e been made on single-cylinder test engines
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at the Langley Memorial Aeronautical Laboratory to determine the performance characteristics
of four types of combustion chambers for aircraft oil engines. Two of the combustion chambers
studied were bulb-type precombustion chambers, the connecting orifice of one having been
designed to produce high turbulence by tangential air flow in both the precombusion chamber
and the” cylinder. The other two were integral combustion chambers, one being dome-shaped
and the other pent-roof shaped. The injection systems used incIuded cam and eccentric driven
fuel pumps and diaphragm and spring-loaded fueI-injection valves. A diaphragm-type maxi-
mum cylinder pressure indicator has been used in part of these investigations with which the
cylinder pressures were controlled to definite vaIues. The performance of the engines when
equipped with each of the combustion chambers is discussed. The data presented show the
performance for speeds from 600 to 1,800 revolutions per minute.
The results obtained indicate that aircraft type oil engines with suitably designed com-
bustion chambers and fuel-injection systems may be operated at speeds around 1,800 revolutions
per minute without encountering excessive explosion pressures. At a speed of 1,600 revolutions
per minute and with a fuel quantity giving 15 per cent excess air in the cylinder, a m~ximum
indicated mean effective pressure of 119 pounds per square inch was obtained with a fuel con-
sumption of 0.43 pound per indicated horsepower per hour. The maximum cylinder pressure
was 74o pounds per square inch. A minimum fuel consumption of 0.26 pound per indicated
horsepower per hour at an indicated mean effective pressure of 52 pounds per square inch and
1,600 revolutions per minute was obtained with a cylinder head having a bulb-type precombus-
tion chamber. The maximum cylinder pressure was 560 pounds per square inch.
It is concluded that an increase in specific power output of the high-speed aircraft oil engine
depends upon the ~bility to obtain higher mean effective pressures and an improvement in the
mechanical efficiency of the engine. The best performance for the tests reported was obtained
with a bulb-type combustion chamber designed to give a high degree of turbulence within the
bulb and cyhnder,
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LIST OF TECHNICAL NOTES ISSUED DURING THE PAST YEAR
The Drag of Airships. By Clinton H. Havi& United States Navy, Part ~. Tlrag of
Bare Hulls.
Effect of Protruding Gasoline Tanks Upon the (characteristics of an Airfoil. 13y llastman
AT. Jacobs.
Influence of the Orifice on Measured Pressures. By Paul E. Hemke.
The Effect of Tube Length Upon the Recorded Pressures from a Pair of Static Orifices in
a V7ing Panel. By T. (Jarroll and R. E. Mixon.
Resistance of a l?ifteen-~entimeter Disk. By James M. Shoemaker.
Wind Tunnel Standardization Disk Drag. By Montgomery Knight.
Method of correcting Wind Tunnel Data for Omitted Parts of Airplane ModeIs. ‘ By
R. H. Smith”.
Precision of Wing Sections and Consequent Aerodynamic Effects. By Frank Rizzo.
Wall Interference in Closed Type Wind Tunnels. By George J. Higgins.
Technical Preparation of the Airplane ~’Spirit of St. Louis.” By Donald A. Hall.
A Warning-Concerning the Take-Off with Heavy Load. By Elliott G. Reid and Thomas
Carroll.
“Alclad “-A PJew Corrosion-Resistant Aluminum Product. By E. ~. Dix, jr.
Study of Open Jet Wind Tunnel Cones. By Fred E. Weick.
Tension IMperjments on Diaphragm Metals. By H. B. Hendrickson.
The Installation and Correction of Compasses in Airplanes. By hf. F. Schoeffel.
A Load Factor Formula. By Roy G. .Miller,
Tests of the N, P. I.I. Airship Models in the Vafiable-Density Wind Tunnel. By George
J, Higgins.
Measurement of the Moments of Inertia of Full-Scale Airplanes. By M. W. Green.
Airfoil Lift with Changing Angie of Attack. By” Elliott G. Reid.
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LIST OF TECHNICAL MEMORAPHIUMS ISSUED DURING THE PAST YEAR
3~2. Experiments with Rotating cylinders in Combination with Airfoils By Kurt Frey.
Translation from “Zeitsohrift fiir l?lugtechnik und kfotorluftschiffahrt,” lmgust 28,
1926.
383. SpindIed and Hollow Spars. By J. D. Blyth. l?rom “Elight,” h=gust 26, 1926.
384. 13xperimentaI Investigation of the Physical Properties of Medium and Hewy Oils, Their
Vaporization and Use in Explosion En.@.nes. By Fritz Heinlein. Part 111. Experi-
mental Apparatus. Translation from “Der Motomagen,” June 30, 192,6.
385. CooIing of Air-Cooled Engines by Forced CireuIat.ion of Air. Translation from “Les
~e%” September 9, 1926.
386. Central Aerohydrodynamic Institute of Moscow, Russia. By W. MargouIis. Trans-
lation from “L’Aeronautique,” August, 1926.
387. Approximate Calculation of the Static Longitudinal Stability of Airplanes. By Theodor
Bienen. Transition from “Zeitsohrift fur Fh@echnik und Mot.orluftechitlahrt,”
Jdy 28, 1926.
.-
388. Experiments with a Sphere from Which the Boundary Layer is Removed by Suction. By
Oskar Schrenk. Translation from “Zeitschrift fiir Flugtechnik und Motorluftschif-
fahri,” September 14, 1926.
389. Devices for Prevention of Stalled Flight. By PauI Mazer. Translation from “L’Aero-
nautique,” October, 1926.
390. Determining Size of Drops in Fuel Mixture of InternaI-Combustion Engines. By J.
Sauter. Translation from “Zeitschrift des Verejnes deutscher llnge~ieure,” July 31,
1926.
391. Experiments on Self-Ignition of Liquid FueIs. By Kurt hTetiann. ” Translation from
“7ieitschrift des Vereines deutsdier Ingenieure,” August 7, 1926.
392. Experimental Investigation of the Physical Properties of Medium and Heavy OiLs, Their
Vaporization and Use in ExpIosion Engines. By Fritz Heinleh. Part IV. TransIat.ion
from “Der J$otorwagen,” September 30 and November 10, 1926.
393. StaI1-Proof Airplanes. By G. Lachmann. From Y’earbook of “Wissenschaftlichen
GeseLlschaf~ fiir Luftfahrt,” 1925.
394. Testing a Wiidmill Airplane (“Autogiro “). By R. Seiferth. Transition from “ Zeili-
schrift fur Flugtmhnik tid MO torluft schiffahrt,” ATovemher 27, 1926.
395. Removing Boundary Layer by Suction. By J. Ackeret. Translation from ““Zeitsohrif t des
?’ereines deutscher Ingenieure,” Auagust 28, 1926.
396. Determining the Efhiency of Atomization by Its Fine”ness and Uniformity. By J. Sauter.
TramsIation from “ Forschungsarbeiten auf dem Gebiete des Ingenieurwesens,” No.
279, 1926.
397. High-Speed OiI Engines for VehicIes. ~y Ludwig HausfeIder. Part I. Engines with
External Atomization of the Fuel; Er@nes with Internal Atomization of the Fuel;
Hot-Bulb Engines; Diesel Engines. Tram.lation from “ Der Motxmvagen,” August
31, 1926.
398. Researches on Ailerons and EspeciaIIy OR the Test Loads to V?hich They ShouId be
Subjected. By J. Sabatier. Transition from “La Technique .4ero~autique,” Novem-
ber 15 and December 15, 1926.
399. Dmvalumin Welding. By Wm. NeIson. From “.Aviation,” January 17, 1927.
400. On the Mutual Reaction of Wings and Body. By J. Lennertz. Translation from “Zeit-
schrift fur Fh@e&nik und Motorluftschiffahrt,” January 14, 1927.
401. The Heat Treatment of Duralumin. By Wm. Nelson, From “.&viation,” February
~1, 1927.
l
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No.
402. Permanent Commission of Aeronautical Studies. Report No. 4.
Part I. ~Determination of the Main Conditions Entailing Overload and Examina-
tion of the Existing Theoretical and Experimental Data.
Part 11. Reduction of the General Conditions of Calculation to Some Simple Cases.
Part HI. Load Factors.
Trandation from the French.
403, High-Speed Oil Engines for Vehicles. By Lud}vig HausfeIder. Part H. Translation from
“Der Motorwagen,” September 30 and December 10, 1926.
404. The Protection of Duralumin from Corrosion. By Wm. hTeIsom From “.Aviation,”
NTovember 8, 1926.
405. Structural Details from 1926 Paris Aero Salon. By W. Rethel. Transition from “Zeit-
schrift- f ur Flugtechnik und Motorluftschiff ahrt,” February 1471927.
406. FIap Gear for Airplanes. A New Scheme in Which JTmiation is Automatic. By A. Hessdl
Tiltmarx. From “The Automobile Engineer,” February, 1927.
407. Some Impressions of the Paris Aero Show. By”J. D. North. From “The Aircraft Engi-
neer, ” supplement-to “F1ight,” December 30, 1926.
408. Duralumin and Its Corrosion. By Wm. Nelson; From “Aviation,” November 1, 1926.
409. IG.netograpbic Determination of Airplane Flight Characteristics. By P. Raethjcn and
H. Knott. Translation from “Zeitschrift fur Flugtechbnik und Motorluftschiffa hrt,”
December 14 and 28, 1926.
410. High-Speed Oil Engines for VehicIes. By Ludwig Hausfelder. Part 111. Translation
from “Der Motorwagen, “ Deqember 20 and ~1, 192{, and January 10, 1927.
411. Determir&g the ~elocity Distribution in the Boundary Layer of an Airfoil Fitted with a
Rotary CyIinder. By B. G. Van der Hegge Zijnen. Translation from Repor& A 129
of the “Rijks-Studiedienst voor de Luchtmart,” Amsterdam. Reprint from “De
Ingenieur,” October 23, 1926, No. 43.
412. Air Cooling, An Experimental Method of Evaluating the Cooling Effect of Air Streams
on Air-Cooled Cylinders. By J. F’. AIcock. From “ Th8. Automobile Engineer, ”
.4pril, 1927.
413. Multiplicity of SoIutions in Aerodynamics. By M. Dupont. Translation from “La
Technique Aeronautique,” Deeember, 1926, and January, 1927, .
414. Aerodynamic Laboratory at Cuatro Vientos. By Moreno Caracciolo. Translation from
“Boletin Oflcial,” Royal Aero-Club of Spain, 2d quarter, ApriI-June, 1924, md “L’Aero-
nautique,” September, 1926.
415. Climbing Efficiency of Aircraft. By C. C: ~Wier. From “~light,” January 27, 1927.
416. Effect of Streamline Curvature on Lift of Biplanes. By L. Prandtl. Translation from
Report HI, “ Ergebnisse der .4erodynamischen Versuchsanstalt zu Gofitingen, ” 1927.
417, Drag Measurements of Two Thin Wing Sections at Different Index Values. By J. Aekeret.
Transition from Report III, “Ergebnisse der Aerodynamischen Versuchsanstalt zu
Gottingen,” 1927.
418. Investigation of a Wing” with an Auxiliary Upper Part. By R. Seiferth. Translation
from Report HI, ‘rErgebnisse der Aerodynamischen Versuchsansttdt zu Gottingen,”
1927.
419. Experiments with Three Horizontal Empennages. By R. Seiferth. Translation from
Report 111, “Ergebnisse der Aerodynamischen Versuchsanstalt zu Gbttingen,” 1927.
420. Some Notes on Gasoline-Engine Development. (A R4sum6 of a Paper by ~. R. Ricardo.)
From “The Automobile Engineer,” April, 1927.
421. Aero Dopes and Varnishes. By H. T. Britton. From “The Industrial Chemist,” March,
1927.
422. Systematic 1n7estigation of Joukowsky Wing Sections. By 0. Schrenk. Transition
from “Zeitschrift fur Flugtechnik und Motorluftschiffahrt,” May 28, 1927.
.
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+l;3. Lindbergh’s FIight. By August -ron Parse~aI. Transition from “Der Ilotorwagen,”
May 31, 1927.
424. Discussion of the Results of the Boundary-Layer Tests of an Airfoil Fitted with a Rotary
Cylinder. By E. B. Wolff and C. Koning. Trmdation of Report A.13c) of the “Rijks-
Studiediensfi voor de Ltiehtvaart,” ilmsterdam. Reprint from ‘‘De lngenieur,” No. 52,
December 25, 1926. .
425: Recent Suggestions in Diesel-Engine construction. By F’. Ernst Bielefeld. Translation
from “Schiffbau,” June .2, June 16, and July 7, 1926.
426. Seaplane F1oats and Hulls. By H. Herrrmmm Translation from “Berichte und Abhand-
lungen der Wissensehafthhen Gesellschaft fiir Luftfahrt,” December, 1926.
427. Seaplane Floats and Hulls. By H. Herrnmnm Part IT. Translation from “Berichte
und AbhandIungen der Tilssenschaf t&hen Gesellschaf t f iir Luf tf ahrt ,“ December, 1926.
428. Drag Measurements on a Junkers Wing Section. Application of the Betz hl~thod to the
Results of Comparative Tests klade on a ModeI and on an Airplane in Flight. By
Hams Weidinger. Transition from “Berichte und .Abhandlungen der Wissenschaft-
lichen Gessellsehaf t fur Luftfshrt.,” December, 1926.
429. Building a FulLSize Glider. By F. J. Carom. From “The Air League Bulletin,” of the
Air League of the British Empire, Landon, No. 68, June, 1927.
430. Effect of Roughness on Properties of Airfoils. By O. S&ienk. Translation from Report
III, “Elrgebnisse der Aerodynamischen Versuchsansfialt zu Gottingen,” 1927.
431. Experiments on Airfoils with Trailing Edge Cut Away. By J. Ackereti. Transition from
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Report III, “Ergebnisse der Aerodynamischen Versuchsanstalt zu G6ttingen,” 1927.
LIST OF AIRCRAFT CIRCULARS ISSUED DURING THE PAST YEAR
The ~vro ~vian Airplane. From “FIight,” August 26, 1926.
The De HaviUand Moth. From “Flight,” March 5, 1925.
The Bristol Badminton Airplane. From “FIight,” July 8, 1926.
The Handley-Page Hamlet (Commercial Monoplane). From “The Aerophme,” October 13,
1926, and “FLight,” October 14, 1926.
The A. N. E. C. IV M.sI.scl?’hrusli, Light Airplane. From “Flight,” September 9, 1926.
Avis Pursuit -Airplane B. H. 27. By J. Serrye.r. Transition from “Les AiIes,” May 28,
1925.
Albert TE–I, Training Airplane. Translation from the French.
Rohrbach AILMetal Commercial Airplane RO VIII, “Roland.” Translation from the
German.
The Supermarine Southampton, SeapIa.ne (Observation or Bomber). From “Flight,”
November 18 and 2521926.
The BouIton and Paul Bugle, AirpIane (Day Bomber). From ‘f Flight,” APA 23, 1925,
and “The AeropIane,’> ApriI 29, 1925.
Dyle’ and Bacalan Metal Monoplane l). B. 10 (Night Boiuber). Trardation from “Les
AiIe.s,” December 2, 1926, and “L’AerophiIe,” November, 1926.
Combat and Bombing Airplane, Amiot 120 .R3. Translation from a circular issued by the
S. E. C!. M. (“ Societe d’Etudes et de Constructions Mecaniques). ‘
A~ieuport-Delage 4S (71, Pursuit AirpIane (“Jockey” Type). Translation from the French.
The Dornier Mmury, Commercial Airplane. From a c.irmdar issued by the Dornier Co. ~
Dornier Superwal, Commercial Seaplane. From “I. F. W.” N~o. 21, 1926, and from a ci-r-
cular issued by the Dornier Co.
Macchi 11 W, Seaplane (Single Sea5 Racer). Transition from “ L’.4la d’Italia,” Novem-
ber, 1926.
“Savoia” Seaplane S. 55 (Military or Commercial). From a circular issued by the “S. I. “
.4. 1.” and “Flight,” ApriI 9, 1925.
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Vojenska-Smolik Il. 16, Airplane (All-Metal Long-Distance Observation Biplane). From
“Flight,” January 13, “1927.
Richard-Penhoet Commercial SeapIane. Translation from “Bulletin de la Chambre
Syndicale des Industries Aeronautiques,” September-December, 1926.
The Rohrbach “ Robbe” RO VII, Seaplane (iMilitary or Commercial). From a circular
issued by the R-ohrbach Metal Aeroplane Co.
The Francois Villiers Marine Pursuit Airplane. From ~ circular issued by Villiers Co.,
supplemented from article in “Les Ailes,” November 2.5, 1926.
Efeinkel H. l?. 6, Commercial Seaplane (Winner of the 1926 German Seaplane Contest at
Warnernunde). From a circuIar issued by the Ernst Heinkel Airplane Co.
Lior&Olivier .LeO 194, Seapiane. Translation froml’L’A&onautique,” February, 1927,
Training Airplane .4tiu B~H. 11. Translation from a circular issued by M.ilos Bondy A
Spol, Czechoslovakia.
Meteore 63 Commercial Seaplane. From a circular issued by the S. P. C, A. with supple-
mentary data from “Les Ailes,” July 29, 1926.
The Mureaux Brunet 3(72, Pursuit AirpIane. By J. Serryer. Translation from ‘‘ Les i4iles,”
March 24, 1927.
Fiat C. 1?. 80, Pursuit AirpIane. Translation from “L’Ala d’Italia,” December, 1926.
The Rohrbach Rocco, Seaplane (New German”” Commercial Seaplane). From “F1ight,”
May 12, 1927.
The Blackburn Bluebird (Two-Seat Training and Sport Airplane). From “The Aeroplane,”
March 16, 1927.
Focke-Wulf G. L, 18 (Commercial AirpIane). By J. Serryer. Translation from “Les
Ailes,” September 23, 1926.
Junkers Airplane G. 24 (AII-Metal Commerci~l .4irplane). Translation from a circular
issued by the “Junkers Flugzeugwerk, A. G.,” of Dessau, Germany.
The Gloster Gambet, Airplane (A D-e.cl~La.nding Ship’s Fighter). From “The Aeroplane,”
June 1, 1927i--
The Avro “ Gosport” 604 R (A New Training Airplane). From “ F1ight, ” April 15, 1926.
Lewxseur 8, Transatlantic Airplane. Translation from “L’Aeronautique,” June, 1927, and
‘(L’Aerophile,” June, 1927.
Caproni Airplane Ca 73 (Commercial) and da 7S ter (Military). Translation from a cir-
cwkir issued by the Caproni Co., Milan, Italy.
The Boeing MaiI Airplane. Prepared by the Boeing Airplane Co.
The Westla.nd Widgeon 111. From “Flight,” JuIy 28, 1927.
Junkers Commercial Airplane 6.$1. Translation from “ Zeitschrift des Vereines deutscher
Ingenieure,” May 7, 1927.
Trarel .4ir, Commercial Airplane-Type 5000. Prepared by Travel Air lManufacturing Co.
Training Airplane Arado SC 1. Translation-from “FIugwoche,” June 22, 1927,
BIBLIOGRAPHY OF AE-RONAUTICS
During the past year the committee issued bibliographies of aeronautics for the years
1923 and 1924. It had previously issued biblio~aphies for the years 1909 to 1916, 1917 to
19192 1920 to 1921, and 1922. A bibliography for the year 1925 is no-iv in the hands of the
‘ printer, and should be ready for distribution during the coming year. An annual bibliography
will be published hereafter by the committee.
Citations of the publications of all nations are incIuded in the language in which the pub-
lications originally appeared. The arrangement is h. dictionary form, with author and subject
entry, and one alphabetical arrangement. Detail in the matter of subject reference has been
.
omitted on account of cost of presentation, but an attempt has been made to give sufficient
cross reference to make possible the finding of i$ems in speciaI lines of research.
PART v
PROGRESS IN TECHNICAL DEVELOPMENT
. AERODYNAMICS
The nature and results of the fundamental research carried oui in the various laboratories
during the past year emphasize the fact that the main theoretical foundation of this science
has been laid and that new advances must be more in the nature of extensions or additions to
existing theory rather than new fundamental conceptions. The majority of the aerodynamic
problems investigated during the past year were closely identified either with particular design
requirements or with the study of unusual phenomena. A well-balanced proa~am should
incIude as much fundamental research as possible, but continuing demands for answers to
specific problems have made it impossible to give proper consideration to fundamental research. -
The work done during the past year and that Iaid out for the future may appear to contain
only a small proportion of fundamental research, but careful analysis will show that ahnost
every investigation, in addition to the possibility of some immediate praet.imI application as
one of its objects, has a bearing on. some fundamental problem. It will readiIy be understood
that the committee’s research program must be arranged to suit the technical requirements
of the services and the equipment and personnel avaiIabIe.
WIXD TuNNELs.—A’irplane model tests.—The wind tunnel continues to grow in the esteem
of aeronautical engineers as its value becomes more gene-rally recognized. Additional con-
firmation has recently been obtained of the necessity for either strict geometrical similarity
or due allowance for lack of ii. The fist tests on the Sperry Messenger model in the va.riable-
density wind tunnel gave drag coefhients ~ery much less than the full-scale values obtained
from flight tests. A comparison of the model with the full-scaIe airplane showed that a number
of small parts and minor details had been omitted in the model. When these had been incor- ,
porated in the model a much better agreement was found. One of the first investigations in
the new propeller research equipment was on the full-scale Sperry Messenger with wings
removed, and the drag values were found to be about 10 per cent higher than those given by
the variable-density wind tunneI for the same model condition.
It was found that the Sperry Messenger model did not have a fair representation of the
landing-gear details, particularity in regard to the axle and shock absorbers. When ihese were
faired in on the full-scale airplane in accordance with the model construction, eYceIlent agree-
ment in drag vaIues was obtained. Se-red laboratories now allow for deviation from full
scale in the model construction, and in particular the Washington NTavy Yard wind tunnels
have long made it a regular practice to apply a calculated drag correction for omitted dehati,
thereby securing consistent agreement between model and fulI-scale values.
~“aria~le-density wind tunnel.—During the past year tests were made in the variable-density
wind tunnel on three airplane models supplied by the British Aeronautical Research Committee.
These modeIs had previously been tested in various wind tunnels in England and the actual
airplanes tesked in free flight. The results obtained in the variable-density wind tunnel were
in wxellent agreement with the British data, both modeI and full scaIe. One of the most
important Iessons Iearned from these tests is that the scaIe effect on lift may be very large in
airfoils “which are very thick, very deeply cambered, or of symmetrkd section. In particular,
the high maximum lift at low Reynolds Number on a very thick or deeply cambered section
is not likely to be obtained at high Reynolds hTumbers.
67
-.
68 REPORT NATIONAL .4DVISOHY COMMITTEE FOR AERONAUTICS
Autorotation.—The research on autorotatio-n h~.beenco~tinued.~~it~ what appears to be
definite results. After measuring rates of spin under various conditions it was found that Lhe.y
did not agree with the rates .calcuIated by the “strip method.” The angular ranges for spin
instability were widely different as obtained by experiment and, calculation. This feature was
investigated thoroughly by means of pressure distribution studies and the variation 01 loading
along the span was found to account for the differences. As a by-product of this investigation
some very valuable load distribution data are being made available.
Included in khe autorotation research were a number of tests on various airfoils in varying
combinations Ieading to several c,ondusions worthy of note. The most important of these is
that-no monoplane model has been found which will “flat spin, ” and it does not appear likely
that one will be found. The flat spin may be due either to the geometry of the wing cellule or
to mass distribution in combination with the geometry (i. e., little or no stagger). An approxi-
mate erite.rio.n of spinning instability which is very easy to apply was developed during this
research. .
Boumiarg layer control.—A considerable amount of research work has been done on boun-
dary layer con,trol, both pressure and suction methods being used. ln explanation of this
research, Doctor Prandtl showed that-the disturbance originating in a thin Iayer of air adjacent
to the wing surface was the cause of the flow breaking away from the upper surface at high
angles of attack and thus preventing the attainment of high lifts.
“Boundary layer control” is descriptive of the.rneans employed to prevent the flow from
breaking away. Air may be forced .through small slots running across the upper surface of the
wing and so formed that the jet is approximately parallel with the wing surface at the e.xib, or
forward opening slots may be used with suction instead of pressure. From the standpoint
of power absorbed the suction method has given the best results but slightly higher maximum
lifts have been obtained with the pressure method. The greatest increase in maximum liftso
far obtained is about 50 per cent but this was obtained on a wing section now known to be
unsuited for the purpose, and further tests under way may be expected to show better results.
FREE FMGHT Tmrrs.—Pressure distrilmtion.—During the past year free flight work has
followed the generaI_ program of the year before in that a large number of investigations have
been completed and new projects initiated. The success of the studies made on the TS-1 and
VE-7 airplanes led to an extension and expansion of program on pursuit airpIanes in which
an Army Boeing PW-9 and a .Navy Curtiss F6C--4 have been used: Very complete records
have been obtained in various maneuvers, giving linear and angular velocities and accelerations
at various parts of the airplane, together with pressure distributions on wings and tail surfaces.
Many important facts bearing on design requirements have been obtained. Special attention
has been given to loads on the horizontal tail surfaces in diving and in quick pull-ups from
diving at high speed, to the variation of loading along the span under various conditions, and
to the distribution of Ioading over the two wings of a biphme. This work is made possible by
the use of special photographic equipment so designed that continuous and simultaneous records
are obtained for all desired factors in any maneuver. Engineers who are in touch with these.
developments are of the opinion that pressure distribution studies along these lines ofler the most
logicaI and promising method available for increasing our knowledge of design requirements.
Boundary layer confroL-Free flight Lests have been made on the TS–1 airplane fi~ted with
the pressure system of boundary layer control in the upper wing ordy, the pressure being supplied
by a supercharger blower. The results showed a rather small butquite definite improvement
in climb without appreciable change in high speed. One feature of particular interesi was that
air speed for best climb was reduced about 10 miles per hour when the blower was operating.
In view of the fact that the slots were instalIed on one wing only and that the wing section
(U. S. A.-27) was shown by wind-tunnel tests to be unfavorable for this purpose, it is believed
that- boundary layer control may offer some promise and further ]~orli will be done.
Spinning.—One of the most important free flight investigations was carried out by the
Army Air Corps at McCooli Field during the past year, As a part of the general study of
spinning, the effect of changing the location of the center of gravity in a systematic manner
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ranging from about 17 to 39 per cent of the mean chord, together with the effect of various
mass distributions was tried on two airplanes, the 0–1 and the 02–E4. Spins were made in ‘
bohh directions under all conditions and the control position for recovery, altitude Iosti per
turn, turns for recovery, etc., were noted in each case. Recovery in every case -was assured
by fitting the airplane with one or more boxes of lead shot which could be dropped so as to
bring the center of gravity forward. It was found that as the center of gravity moved aft
the airplane would spin slower and more down at the nose while the controI forces increased.
..4t a center of gravity location of approximately 38 per cent the co~trol forces became so great
and the response of the airpIane so S1O-Wthat the spin was considered dangerous and tests
were discontinued. It was sho~n that mass distribution pIa-yed a most important part in
holding the airplane in a spin.
.lknding and fc&-o~s.-The study of the Iamling and take-off characteristics of various
airplanes is being continued. At presenti tests are being made on a Douglas mail airplane
to determine the effect of variations in the load and changes of the propelIer characteristic.s on
taking off and hmding.
Pressure d{sbilndion on~oats.—The water pressures over the bottom of the UO–1 seap~ane
float have been obtained in a great number of landings and this work is to be continued on a
TS-1. The maximum intensity so far measured is less than i’ pounds per square inch. Read-
ings are t&en at a s~eient n~ber of points to enable the dra~ting of an accurate load-contour
map.
Improwment in mkibility.-A YE-7 airpIane with the center section of the upper wing
cut away and the spars replaced by streamline struts for the purpose of improving the -&iibtit y
was tested to determine the effect of the changes on the performance of the airplane. It was
found that the rate of climb was reduced about 12 per cent which is in agreement with the
increase in induced drag. As predicted, the high speed was affected less than 2 per cent. These
values were but slightly improved by the use of “end planes” on the “inner” tips.
Control at low speeds.—Flight research ori Iateral control at low speeds was confined to the
continuation of the spoiler-gear tests on the TS–1 airpIane. Owing to the urgency of other
work this research has not yet been completed. A number of additional tests on lateraI control
at low speeds ha~e been proposed and it is probable that a definite program will be adopted
during the present year.
P~oPELL~Rs.—The recent completion of the prope~er research equipment opens up an
entireIy new field of opportunity for propelIer research. Preliminary tests on the Sperry mes-
senger airplane indicate that a ~geat number of problems involtig power plant and fuselage
design can now be solv-ed. The testing program now under way imdudes check tests OB the
W3-7 propellers previoudy tested in flight, a study of propeller blade deflections under various
fight conditions, a study of the effect of various forms of coviIing on the resistance and cooling
of air-cooIed engines, and the determination of proper forms for wind shields and cowling.
(70m.paratice te~ts on a model.—A metal model propeller supplied by Charles Ward HalI
has been tested at Stanford T-hirersity and will be tested in the wind tunnels at the %fassa-
chusetts Institute of Technology and the National Physical Laboratory, in order to obtain
comparative data under different test methods and in open and closed types of wind tmnnels.
The matter of correction due to tunnel TVSIIinterference has received serious consideration in
England and tfi series of tests ~ fit in with the ge.nera~ investigation.
-LIGHTER-THAN-i41R Cum.-Pressure distribution in j?ight.-The most important lighter-
than-air investigation compIeted during the past year was the fight pressure distribution runs
on the rigid airship U. S. S. LOS Angeles. It -was found that the ma-ximum loadings orL tail
surfaces due to gusts is greater than the maximum loading~ obtained in maneuvers.
Fineness ratio.—The tests in the va.riabIe-densi6y wind tunnel on a series of airship models
of varying fineness, ratio have beeg compIeted. ,b this research, each model was tested at
various Reynolds NTumbers, thus covering a very large range, previously unexplored. A special
wire-type drag baIance. which was designed and insta~ed for these tests gave such consistent
resuhs that several streamline modeIs which had previously been ixsted on the regular baIance
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were ~etested with rather surprising results. One .rnodel in particular which had shown an
extremely low drag in the original test was found to have a normal drag on the wire balance.
The difference was easily shown to be due to spindIe interference in the first tests.
FIELDS FORFUTURE RmEARcH.-It is plain that continued progress in aerodynamics may
be expected but that it will be largely along lines leading to refinements in design. Every
detail of an airpIane may be improved in this manner, both structurally and aerodynamically.
The most promising fields of futurs research are those which incre&se our knowIedge of t~~e
magnitude and distribution of the forces acting on an airplane. Research along these lines
shbuld lead to more efficient structures and greater safety, through better ccmtroI, and to the
development of better wing sections free from unstable flow characteristics. The study of the
causes of discontinuous flow and of the effects of slot:,. flaps, and “boundary layer control”
will also Iead to better control at low speeds.
The immediate needs of the designer are for information which will promote this refine-
ment of design. Important items in this information are the effects of the mutual interference
between the propellers and other. parts of the airplane in both single and multi-engined air-
planes; the effect of the mutual interference between the wings, fuselage, and landing germ; and
the effect of the cowling around the forward end of the fuselage on both the cooling of air-cooled
engines and the drag of the airpIane. The designer also requires more data on wings, especially
data obtained in full-scale tests, including the distribution of pressure over the wings.
AIRPLANE STRUCTURES
TREND OF DESIGN.—8tandard{zation of @pes.-The tendency toward the standardization
of types for particular services has continued. The monoplane has definitely established itself
for commercial service where air speeds are relatively low and efficiency is the prime require-
ment. It also has the advantages of easy maintenance and giving good -risibility to passengers
together with good ground clearance under the wing when on the landing field. In the lighter
and faster types of commercial airplanes where moderate loads or onl,y one or two passengers
are carried the biplane continues to b.e preferred, as might be expected from the advantages it
confers in the way of maneuverability and compactness of form.
For military airplanes the biplane combination continues m the lighter fiypes where semi-
internally braced and moderatd y thick wings are used. In pursuit airplanes a moti.cation
of the biplane} with the lower wing smaller than the upper, approximating the sesquiplane,
&ppears to be the general practice. By this construction great compactness is obtained while
the structural strength required by the demand for extreme speed and maneuverahili~y is
obtained with the lightest weight. The biplane cellule also continues for shipboard ariplanes
since the span of such an airplane can not exceed 50 feet owing” to the limitations fixed by
handling devices. While last year the biplane celhde was uniform in observation and bmnb-
ing $ypes the development of the monoplane type has been begun and a number of this type
are now undergoing service tests.
Nuna6er and location of engines.—The use of several engines in large milibary aircr~ft is
now standard practice. This is in general accord with the commercial practice for large air-
planes which is definitely established as using several engines, generally three. A single engine
continues to be used in commercial airplanes with a capacity of up to six passengers wher~ a
larger number of engines would be uneconomic or impracticable.
Amphi6ian airplmzes.—Interest in the development of the amphibian type of airplane. has
been very much increased by the discovery that in many cases our lakes and rivers provide
a series of favorable seaplane landing places, along traveled routes. The amphibian can take
advantage of such a natural airway and also can land its passengers on a regdar landing field.
In addition it can propel itself from the water up a beach, either natural or artificial, thus doing
away with both handling cradles and mews.
The successful development of the amphibian is due to the successful use of light alloys,
which has made it possible to reduce the weight of structure, and to the use of the air-cooled
engine. It is now possible to construct amphibians having a performance comparable with
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that of other types. SeveraI manufacturers are working on the development
airplapes for commercial purposes.
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of amphibian
Di$wences between military and coininwcicd ty~es.—The differences in the fundamental
requirements of military and commercial types of airplanes have been appreciated more clearly.
This is evidenced by the fact that the construction of commercial airplanes in a pknt entirely
separate and distinct from that in which military airpIanes are built has been proposed.
In the miIitary types also an understanding of the diHerences between the fundamental
requirements of aircraft for Army and NTavy use is more apparent. Special equipment of NTavy
types ena.bIing them to be projected from catapuIts and Ianded on arresting gem requires a
considerably heavier structure and detaik in many parts than in the corresponding Army types:
Consequently it is frequently found that a Ii’avy airplane apparently identical with an Army
type w-ilI weight severaI hundred pounds more than its Amy duplicate.
The specialization which differentiates the miIitary type so markedly from the commercial
type of airpIme has continued. It is now apparent tha~ the great majority of commercial air-
= planes buiIt in this country could not be adapted to any purely dltary use. Certain of the
Iighter and faster types might be used for preliminary training and some of the heavier ones
mighfi be used for transport purposes but neither would have a truIy nditary character.
Landing gear-Shoc& absor6em.-Hydraulic shock absorbers are practically universaI on
military airplanes and have come into almost general use in emm.merciaI airphmes. As a rule it
is onIy the smaller and Iighter types of commercial airplanes which stiJ.1,retain the old rubber
cord shock absorbers.
Brales.—Vith the increasing appreciation of the necessity for proper handling of airplanes
on the ground, both in taking-off and landing, brakes have undergone a very considerable further
de-relopment and at present there are several good designs on the market. They me being
generally applied to all types of airplanes, both military amd commercial and are being used not
only for landing but s-Iso in place of wheeI chocks just before taking-off. Many pilots find it
advantageous to run the engine up to full revolutions with the brakes on and then suddenly
reIeme them. This results in a shorter take-off run. The possibility of combining the use of
brakes on the wheeIs of the regular Ianding gear with a wheel in place of the usual skid and the
fitting of a brake on this wheel is engantig attention. This is particularly appreciated since
the destructive effect of the ordinary skid on landing fieIds which handIe much traffic has become
apparent..
The combination of the shock absorbers and the brakes in he wheel has been proposed
and has been tried out experimentally in military airpIanes. This arrangement would be
extremely desirabIe on account of the reduction in resistance and its development is “being
watched with interest.
STIWJCTURAL kfATERIALs.—~e~az construction.-Even the srrta~esti and lightest commercial
airpIanes now have a metal fuselage. I& fact a wooden long6ron fuseIage is a comparative
rarity.
The introduction of metal into the wing construction has not become so general, since it
has been attended -with considerable difEicuIties. Afetal spars of aluminum alloy and steel have
been constructed which show a ~ery satisfactory weighh as compared with wooden ones. How-
e~er, the difficulties which have been experienced in the proper protection of the aluminum
alloys against corrosion has prevent ed their full utilization especially in types of structures
where inspection is difEcuIt. With the introduction of ahminum alloys which are practically
free from corrosion difEcuIties an expansion of this use is probable.
The most notable W-metal airpIanes are usually original in desia~ and details of construc-
tion. It should be noted that most of these airpknes use akminum alIoys and have done so for
Iong periods with practically no serious diEculty regarding corrosion.
Steel tu6ing.—Corrosion in steeI tubing has ahvays been a disturbing factor. Many methods
of protection have been proposed and tried but none has proved entirely satisfactory. The
development of extremely high-strength and corrosion-resisting steel tubing has been proposed.
This type of tubkg will require special methods of welding, bu~ great interest in the possibilities
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has been dispIayed by the manufacturers of
devices used in weld;nz.
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the mgterial and by the manufacturers of the
Durakmin tu6ing~—The use of duralumin tub~g has decreased owing to the difficulties
encountered in protecting the interior of the tubing from corrosion. Struc Lurd sections of
H and I form have been substituted for tubing in many instances.
Floats.-The_ metal float has continued to gab in ‘favor, particularly since the practical
freedom from increase of weight caysed by soakage means a permanent reduction in weight.
With the development of a satisfactory meihod of. protection against corrosion it is probable
that this method of constructing floats wiIl become standard.
Rubber proteeti~e coafings.—Considerable impr&ements in these coatings have been made
And it is confidently expected that they will have an important-place in the protection of alumi-
num and other parts of aircraft. The re.siitance- of-rubber to abrasion would appear to be
particularly va~uable in connection with floats on,seaplanes and amphibians where the aircraft
must be handIed up and down on beaches.
AIRSHIPS
Technical decelopmeni and pr~~ent situation..—The technical development of airships con-
tinues to lag behind that of airplanes. This is onIy to be expected in view of the small nurnbtirs
of airships which are built and the very limited opportunity for development of new ideas and
methods of construction which are presented. No..new airship construction has been begun in
the United States, .4ttention has been confined to-the replacement of parts of existing nonrigid
airships.
.—
A design co-repetition was held by” the Navy Department looking toward the procurement
of the best designs for the 6,000,000-cubic-foot airships which have been authorized by Congress
as a part of the Navy Department “five-year aviation program.” A number of designs were
submitted, among them a very satisfactory one, smd negotiations toward a contract for the
construction of one airship generally according to this design are under way. This design
includes a number of features which, while novel as far as actual incorporation in airships is
concerned, have been commonly discussed in that:eonnection for many years.
Experimental investigation and research for the purpose of improving existing airships and
providing improved materials and methods of construction for new airships whenever they are
begun has continued a~thopgh at a decreased rate< The satisfactory methods for the protection
of duralumin against conosion and progress made in the obtaining of substitutes for goldbeater’s
skin fabric are the most not able results.
Work with the ‘(Los Angeles.”- The Los An~eleb has been maintained in splendid condition
and tidoubtedly has several years of useful and active life before it. It has been used frequently
in research on problems connected ~ti”th the desigri” atid ‘operation of rigid airships. One of the
most importani problems was the determination-of the effect on the speed of the airship of
fitting water recovery apparatus. For this purpose a series of deceleration tests was carried
out on the airship both with and without the water recovery apparatus. The resisttince
coefficients of the full-sized airship were thus determined and the effect of the added apparatus
was accurately determined.
The operating personnel of the Los Angeles his been continuously active in the improvement
of methods for handling airships on the ground and in and out of the shed. The enlisted and
officer personnel engaged in this.wor~ have been -wiry highly comp~imented by persons who have
observed the manner in which this airship has beeri i&dIed by the methods now in use. As a
resuIt of study by the personnel at Lalsehurst ther; has been developed a method using a mobile
telescopic mast and a 1arge amount of mechanic~ equipment which it is expected will make it
possible to reduce the number of rn~ required for landing and handling the airship to a ~ery
notable degree. This equipment is now being constructed and it is expected will be tested in
the coming year.
Work with “RS-l .“-This airship has made several notable flights from its home station
at Scott Field, including one to .Langley Field and Lakehurst. It has been axtremely active
in spite of the handicap imposed on it by a very heavy power plant. ,
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Steps are no-iv being taken toward Lhe redesign of the power pIant, inchdng the substitu-
tion of two new enaties in place of the four now in use, together with the corresponding simplifi-
c&tion and lightening in -m&h6. No reverse gears are to be fitted but the propellers sire to be
made reversing.
The nose cone oriB@nally fitted, having shown indications of weakness, has been replaced
by a new nose cone of an improved design which has operated with entire satisfaction. When
the proposed mod&ations have been compIeted this airship should be very much improved in
performance.
Xetal-clad aimhip.-Progress on the design and construction of this airship, which is being
supplied to the N~vy Department by the Aircraft Development Corporation of Detroiti, has
been reported.
Arew mooring mash-.-The mooring mast constructed at Scott Field, Belleville, ill., by the
Aircraft Development Corporation has been tried out and found to be very successful. The
construction of this type of mast has been found to be very much simpler and to be capabIe of
being carried out with much more rapidity khan any previous type. At the same time it affords
compIete protection to the elevator and pipe lines inclosed within it. IL ako has a pleasing
appearance, being a s~ender tube much like a smokestack.
Helium.—The Army has acquired an additional hdium tank car and further tank cars are
being considered by both the Army and the Navy. The savings from the use of these cars are
very considerable and it is obvious that the tank cars are a very vaIuabIe help in the conserva-
tion of the heIium supply.
A portable helium purification plant mounted upon raiIroad cars has been placed in service
by the Army Air Corps. With this pIant alI that is necessary is to connect suitable openings
on the car to eIectric leads, water, and helium lines from the impure helium and to storage. It
has operated with great satisfaction and turned out helium of high purity.
A privately owned helium plant has been constructed and is now producing helium at a
cost which compares favorably with the cost of heIium produced in Government-owned p~an~.
The Navy Department is taking practically the entire production of this plant. The owners
propose to increase the capacity of the plant in the near future, which will make available a
still greater quantity of helium. This plant draws its supply of gas from a fieId in Kansas.
The supply of helium from this fkJd will probably be limited but is large enough to be an im-
portant factor in the present avaiIable supply.
The gas production in the PetroIia field which supplies the Fort Worth plant has been
somewhat improved by cIeaning out weIls. It has been found that many welk were badly
fdled and by the simple process of attaching orifice meters to each well it has been possible to
select the -ive& to be cleaned. This has Ied to a very gratifying increase in the amount of raw
gas supplied to the plant and a “corresponding increase in the production of heIium.
However, the necessity for the Iocation of new supplies of helium and the adoption of
proper measures for conservation and development still remained. Accordingly, steps have
been taken by the Bureau of Mines leading toward the development of a Iarge new fieId in
northwest Texas. This field is practicality untouched and if its entire supply can be exploited
in an economical manner, as planned, processing all the gas, it is estimated that it contains
a quantity of helium-bearing gas amply sufficient to serve the ~Nation’s needs for severaI
generations.
Progress in Great Britain.-Good progress has been made on the construction of the two
5,000,000-cubic-foot airships iu Great Britain. These two airships have undergone numerous
changes in design as work progressed, but it is understood that they are e.xpeeted to be ready
for flight in the first haIf of 1928.
The erection of an airship shed at Karachi, India, is well under way, vMe the mooring
masts at Karachi; IsmaIlia, Egypt; and Clmii@on, EngIand, are compIeted.
At the ImperiaI Conference held in England in October, 1926, emphasis was Iaid upon the
importance of air transport and a system of imperial air communication. A&ships were con-
9r29T-2~
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sidered to play an important r61e in this matter and the data revealed by the repori of the air
delegates to the conference show that Great Brita@ has developed her airship program with
great care and very thoroughly. An effort was made to interest severaI of the colonies in the
establishment of mooring masts. Apparently Australia, Canada, and South Africa arc showing
considerable interest in establishing such masts. -It was reported that a site for a mast has
already been selected in Canada.
Progress in Gervnany,-The rigid airship havi~g” a capacity of about 3,500,000 cubic feet
which has been under construction in Germany for the past year is reported to be near comple-
tion and may even take the air before the airships which are building in Great Britain.
Progress in Italy .—Information from Italy indicates thai the large semirigid airship of
about 53,000 cubic meters to which reference was made in last year’s report has not been begun>
although plans have been prepared for it. Just when its actual construction will be begun
appears uncertain.
standardization of mooring mast equipment.—In, view of the probable international character
of airship navigation efforts have been made looking toward the standardization of mooring
masts. The amount of standardization required is not very great as it would involve primarily
the mooring cone and the arrangement and method of operation of the mooring lines. With
this accomplished an airship would be able to moor with facility to any mast which it might
visit. This effort is still in the preliminary stages but it should lead to valuable results.
AIRCRAFT ENGINES
The greatly increased activity during the past year in the manufacture and operation of
privately owned airplanes using engines originally designed and developed for the military
services is evidence of the sound and farsighted policy of Lhe Government services which have
fostered and borne the expense of the development of new and better types of aircraft engines.
In-the development of aircraft engines for military purposes particular stress has been
laid on the reduction in weight and the improvement of th~ safety f actoi. The engines thus
developed are well suited for use in commercial aviation. Light weight and a maximum of
safety are most important aids in the economic success of commercia~ aviation. The one
insures profitable loads and the other certainty of operation.
Several years ago the Navy Department decided to concentrate its efforts on the develop-
ment of an air-cooled engine. As a result of this decision we now have an air-cooIed engine
combining light weight with extreme dependability and ruggedness.
Air-cooled engines which hav~ been tested and have proved their value are now available
in three powers, 200, 400, and 500 horsepower. The 200-horsepower Wright “Whirlwind”
engine, which has been used on all the transoce@ic ffights from the United States, is now
widely used in commercial activities throughout ”-the country and has been one of the most
important, if not the most important, contribu&g factor in the development of efficient,
dependable, and comparatively moderate-priced commercial and privately owned aircraft.
The larger 400-horsepower radial air-cooled Wgine was designed for military purposes and
is now finding its way in the commercially owned and operated aircraft, notably in the Chicago
to the west coast air mail-service.
The still larger 500-horsepower radial &ir-co.oled engine is now taliing its plmce in flight
service in the Navy and will be available for con-qnercial purposes in the near future.
During the past year there has been a nofiable increase in the development by priv~te
capital of air-cooled engines especially adapted to commercial service, Several engines of 80
to 150 horsepower are under development. The FairchiId “ (.?aminez” engine has passcrl the
development stage and is now on the market.
These engines are being purchased for operation in commercial airp~anes, notwithstanding
the fact that there still remain a considerable number of war-time engines which may be pur-
chased for a nominal sum. This is a most encouraging indication of the healthy condition of
the commercial aircraft industry, as it shows that the industry has reached the stage where
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private capital is buikling on its own initiative special types of airplanes and airplane engines
without financial assistance from governmental agencies.
Fur6her developments are being made, with the assistance of the Government., to decrease
the weight per horsepo~er and increase the deperidabiliiy and efficiency of aircrafb enginm.
Higher compression ratios and improved fuels are being used with success in mditary service
operation.
In the field of water-cooled aircraft er@nes no new types ha-re been developed during the
past year. Proved engines of from 200 to 800 horsepower are available and have beert further
developed by the addition of reduction gears and refinements permitting operation at high
speeds. A number of engines of the water-cooled type are now designed so as to operate over
long periods at speeds up to 3,000 revolutione per minufie.
The past year has seen the beginning of the general service use of the supercharger, and
it may Dow be said that the supercharger for aircraft engines has passed de finit-eIy out of the
research skage and is in the engineering production stage. The dedopment of Light-weight
and dependable reduction gears for propellers is progressing satisfactorily and Lhey will no
doubt be in extensive use on rrditary types of aircrafb engines in the near futmre. FoIIowing
the supercharger, special engine fuels and reduction gears wilJ no doubt be adapted to commercial
purposes -when they have shown their value in rditary types of aircraft.
SUMMARY
l?he year 1927 “was notable in demonstrating the capabilities of air&aft. The transoceanic
flights of Lindbergh and others led to the awakening of the American people to the possibilities
of aviation and to the need for airports. Industrial capital was invested in aeronautical enter-
prises. The essential activities of the Department of Commerce in establishing airways and
in regulating and encouraging commercial atiation were factors in this development.. The
success of the Army and Navy in developing and standardizing miht.ary types facditated the
procurement of aircraft and this, with the Government’s support of the five-yem aircraft pro-
grams for the two services, had a stabilizing effect on the industry. The Government provided
air-mail service to the people and encouraged commercial air lines by makiug air-maiI contracts
with private carriers. Generally speaking, contract air-mail lines were operated on a sound
economic basis.
The most significant characteristic of American aviation is the increase in the number of
pri-rateIy owned airpkmes and the increase in the number of commercial flying enterprise-s which
are operated without the c&~h subsidies that support commercial aviation in other countries.
The record of progress in the development of aeronautics for aU purposes is the resuIt of
the coordinated effort of all interested, including the Congress, the Executive, the Army and
Aravy, the industry, the DanieI Guggenheim Fund for the Promotion of Aeronautics, educational
institutions, the Weather Bureau, the Bureau of Standards, and the hTational Advisory Com-
mit tee for Aeronautics. There is a. splendid spirit of cooperation in scientific and te&uical
matters in American aeronautics under the active leadership of the 3~at,ionaI Advisory Com-
mitkee. The committee is continuing its scientific researches on the fundamental problems of
flight and is distributing scientific and technical data resulting from its investigations and
from investigations conducted in other countries. In this way the committee is marshaling
the mafium effort of the Nation in the study of the basic probIems of aeronautics. The
year’s record of substantial progress along ratiomd lines is largely the res.dt of the Government’s
sound aeronautic poIicy.
It is difFicuIt adequat.eIy to draw a word picture of the effect that aeronautics is destined to -
have on the economic life of the Nation. Progress is being made steadily in the solution of the
basic problems of greater safety and of reduction of cost. Where the radius of the average
dady social life was once generaIIy Jimited by walking distances, it has been successive~y increased
by the ho~e, the street car, the railroad, and the automobile. b America the airpl~e is
destined to play an important part in further enlarging this radius, and in creating new demands
and new standards of life which it is hoped -idI lead to the development of a greater and a
happier country.
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CONCLUSION
It is with pIeasure that the committee reports that aeronautical progress in the lkited
States during the past year’ has surpassed the hopes of a year ago. This is particularly true
with reference to the operation of aircraft for th~ tra&portation of mail and express on
regular schedules; the increase in the pri~ate ownership and operation of aircraft; the establ-
ishment and equipment-of airways; and the development of types of aircraft by the Army and
Navy for military and naval purposes. It is our conviction that the present governmental
policy in aeronautics is sound in principle and is primarily responsible for the progress that-is
being made. But the most striking evidence of the year’s progress is that aviation is being
accepted by the people as a means of transportation and as a business in which industrial
capital is being in~ested.
It must be noted that further substantial progress is dependent largely upon the continu-
ous prosecution of scientific research. The committee, therefore? ~ecognizing its responsibility
in this respect, recommends a continuation of the>berd support of its work in the fields of
pure and applied research on the fundamental problems of flight.
RespectfuI1y submitted.
NATIONALADVISORY COMMITTEE FOR AERONAUTICS,
JOSEPH L%kfEs, (Xhairman.
